EXPERIM 
PATHOLOGY 


EVANS 
FILDES 
GYE 


ANDREWES 
(London) 
BAYLISS 
(London) 
BULLOCH 
(London) 
CUMMINS 


(London) 
DRENNAN 


Editors 
KETTLE 
McINTOSH 
MacLEAN 
MURRAY 


With the Support 
DREYER 
(Oxford) 


EYRE 
(London) 
LEONARD FINDLAY 
(Glasgow) 
DUNCAN GRAHAM 
(Toronto) 
HEWLETT 
(London) 
HOPKINS 
(Cambridge) 
LEISHMAN 
(London) 


LONDON: LEWIS CO. 136, GOWER STREET, W.C.1. 
EDITORIAL AND PUBLISHING OFFICE: 28, GOWER PLACE, W.C. 


THE BRITISH JOURNAL 


ORR. 
TULLOCH 
WILSON: 


MACKENZIE 
(Cape Town) 

OERTEL 

(Montreal) 
LEONARD ROGERS 
(London) 
SHERRINGTON 
(Oxford) 
WRIGHT 
(London) 


CANADA: THE MACMILLAN COMPANY CANADA, BOND STREET, TORONTO. 


Annual Subscription, post free, Two Pounds net. 


Single Numbers, Seven and net. 


— 
4 
{7 
: 
4% 
* 
} 
(Cardiff) 
gate 
3 
‘ 


THE BRITISH JOURNAL EXPERIMENTAL PATHOLOGY. 


EDITORIAL NOTICE CONTRIBUTORS. 


Scope Papers.—This Journal has been founded for the publication original 
communications describing the technique and results experimental researches into 
the causation, diagnosis and cure disease man. Papers upon bacteriological, 
biochemical, physiological, and other subjects are therefore acceptable when 
bearing directly upon these objects. 


Forwarding Papers.—Papers should addressed to— 
British Journal Experimental Pathology, 
28, 
W.C. 
any the Editors personally. 

Date Journal published bi-monthly, February, April, 
June, August, October, and December. 

Priority accepted for publication will printed far 
possible the order their receipt the Editors, but those sent from overseas will 
receive priority publication according the date posting instead the date 
receipt. 

Conditions should prepare their manuscripts with 
the greatest attention detail. The fact submitting paper for publication will 
taken the Editors admission the Author his liability pay for all 
unreasonable alterations made him proofs, and for mistakes due lack 
clearness the preparation the manuscript. 

References.—Authors are requested prepare their references strict accordance 
with the method adopted current issues this Journal. 

Proofs.—To avoid delay, proofs will not submitted Authors overseas unless 
they express desire see them, unless the Editors think necessary. Overseas 
Authors are therefore particularly reminded the importance preparing their 
manuscripts such way that error need not arise. 


Reprints.—25 reprints will supplied free authors. Additional copies must 
ordered from the Publishers before the issue printed, and will charged for 
according the following scale: 

Number Additional Reprints. 
100 


IMPORTANT NOTICE. 


CONTRIBUTORS are asked observe that papers exceeding 4500 words length 
can only published when space available and not the order receipt the 
Editors. This limitation has been found necessary avoid undue delay the 
publication results. 

The Editors urge all contributors, whatever the length their communications, 
minimum reviews previous work and theoretical discussions their 
results. 


Authors working countries where the rates exchange are unfavourable them 

will charged for reprints according pre-war rates (25 francs shillings). 


na 
- 


:| 


2 


| 


= 


THE BRITISH 


EXPERIMENTAL PATHOLOGY 


THE EFFECT ARTERIAL HYPERTENSION 
INCREASED FLUID INTAKE. 


ORR, 
Research Institute, Aberdeen, 


AND 


IAN INNES, 
Physiological Department, University, Aberdeen. 


Received for publication January 18th, 1922. 


has long been supposed that contraction the arterioles resulting 
increased peripheral resistance induced certain decomposition products 
protein, either produced the tissues absorbed from the intestine. 
more recent years, experimental evidence has appeared support this 
supposition. investigation carried out here, the influence protein 
metabolism sudden increase the amount water passing through the 
system, results were obtained which suggested that the increased ingestion 
water affects the metabolism protein such way that the formation 
pressor substances reduced. The series experiments which some are 
recorded here were therefore undertaken determine what influence increased 
water intake has upon the blood-pressure. 


EXPERIMENTAL METHODS. 


each experiment, number readings the systolic and diastolic 
blood-pressure were taken preliminary control period two three 
days. During this period, the subject neither curtailed nor increased his water 
consumption, that the readings obtained under these conditions may 
regarded normal for the subject. Then one more days measured 
amount water was taken. Sometimes the amount was all drunk within 
limited period. other times, the drinking was spread over the day, half 
litre being drunk intervals. the following days which the 


/ 
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readings were continued, the usual amount water was taken the 
preliminary control period. Each experiment therefore consists three 
periods, which are indicated the text pre-water,” and post- 
water.” 

Fixed hours taking the readings were adhered to. This was considered 
importance, there evidence diurnal variation blood-pressure. 
Subject was constant weighed diet each the six experiments 
caried out him. the experiments the other subjects, though the 
nature the food and the time taking meals were constant, the amounts 
food taken were not weighed. 

The influence muscular exercise and emotional disturbances were far 
possible eliminated. All the subjects were regular routine during the 
experimental periods. They were either engaged laboratory work were 
hospital patients. The readings were taken after the subject had been 
allowed lie bed for fifteen minutes. 

The instrument used was Riva-Rocci with Oliver screw compressor. 
The auditory method, whose accuracy has been demonstrated MacWilliam, 
Melvin and Murray (1914), was adopted throughout. 


EXPERIMENTAL DATA. 


Experiments were conducted (a) two healthy subjects with normal 
blood-pressure, (b) two subjects with pressure above normal, but with 
evidence kidney lesion, and (c) fourteen pathological cases with 
markedly raised pressure. 

(a) and total fifteen experiments were conducted, each extend- 
ing over several days with three four readings per day. reduce the 
rather extensive tabulated data the results are given averages. addition, 
one reading given for each experiment the last day, the 
last day and the first day. (c) the data are given 
for four representative cases the other cases are covered general state- 
ment. This abbreviated method presenting the data, though fails 
give full presentation the details, enables all the essential features the 
results brought out. The readings are mm. mercury. 

systolic pressure. diastolic pressure. 


(a) Healthy Subjects with Normal Pressure. 


Subject O—, aged years Experiment and Experi- 
ments 


TABLE 1.—Average Six Experiments. 

No. 

Post-water 


7 6 
j 
F 
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2.—9 a.m. Readings last Pre-water, last Water and Post- 
water Day each Experiment. 


Post-water 102 66. 58.104 62.100 


Five years intervened between Experiment and 
ments were separated from each other period two four 
weeks. all the experiments the subject was fixed diet. 


Subject H—, aged years. 


TABLE 3.—Average Three Experiments. 


TABLE 4.—Forenoon Readings each Experiment last Pre-water, 
Water, and Post-water Days. 


interval about six weeks intervened between the experiments. 


(b) Subjects with High but Evidence Kidney Lesion. 


Subject 3.—J. I—, aged years. 


Averages Experiment 


Averages 


Water (two days), lit. Ist day, 


TABLE 6.—Noon Readings last Pre-water, last Water and first Post- 
water Day each Experiment. 


Subject L—, aged years. 


TABLE 7.—Average Experiment 
No. 


Average Experiment 
Water (three day s), lit. Ist day, 
lit. 2nd and 3rd 
Post-water 


Average Experiment 


TABLE 8.—Afternoon Readings last Pre-water, last Water, and first 
Post-water Day each Experiment. 


(c) Pathological Cases. 


Subject 5.—G. D—, aged years. Albumen constantly present urine 
traces. other indications disease. 


yor 
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Date. 
3/3/20) 
4/3/20) 
5/3/20) 
6/3/20) 
7/3/20) 
8/3/20) 


Six other experiments showed like result. 


TABLE 9.—Readings noon. 


Pre-water 
Water 


Post-water 


(134 
(134 
(130 
(128 
(135 


Ditto. 

the day following the 


increased water intake the systolic pressure dropped points and the 
diastolic Both always returned the former level the second post- 


water day. 


Subject H—, aged years; hospital patient. 


chymatous nephritis. 


Date. 
10/5/20 
11/5/20 
12/5/20) 
13/5/20 


17/5/20 
18/5/20) 
19/5/20) 
20/5/20 


Subject J—, aged years; hospital patient. 


Case paren- 


10.—Readings 2.15 p.m. 


Pre-water 
Water 


Post-water 
Pre-water 


Water 


Post-water 


180 
182 
164 
156 


155 
153 
146 
146 
151 


155 


113 
115 
108 
112 
101 


102 
102 
100 
102 
101 
103 


Albumen and 


granular casts urine. This patient was given extra water two successive 
days, and, after interval, the increased water consumption was resumed and 
continued until the patient left hospital. 


Date. 
27/11/20 
30/11/20 

2/12/20 


3/12/20 
4/12/20 
13/12/20 
23/12/20 


TABLE 11.—Readings 2.30 p.m. 


Pre-water 
Water 


Post-water 


Pre-water 


Water 


248 


248 


206 


231 


234 
211 
198 
206 


205 


152 
156 
140 
136 
153 
153 
136 
140 
130 
130 
134 


lit. 


amount not 
measured. 


7 


Subject 8.—Miss C—. Chronic disease. Increased water 
ingestion continued from 15/5/21 treatment. 


TABLE 12. 


Date. 
22/5/21) (174 105 2-8 lit. per 


all the other pathological cases decrease arterial tension, something 
similar that the cases recorded, was obtained the day following increased 
water intake. The decrease was usually accompanied alleviation sub- 
jective symptoms, such headaches, insomnia, giddiness, where these were 
present. 


DISCUSSION RESULTS. 
Water Days. 


The two normal subjects show little alteration pressure the 
days which the extra water was drunk. Any change towards decrease 
rather than increase. the two subjects with high pressure, however, 
there the first experiments marked increase pressure, which more 
marked the diastolic than the systolic readings. This doubtless due 
increased volume blood. 

the two cases with high blood-pressure probable that the renal 
efficiency was impaired and the diuresis was less effective than the other 
two healthy subjects keeping pace with the absorption water from the 
intestine. The resulting increase the volume the blood would cause 
rise the systemic pressure which would most marked the diastolic 
readings. Miller and Williams (1921) have shown that patients with hyper- 
tension large amounts fluid may cause very decided increase blood- 
pressure. They gave one day much litres water, which was 
introduced Rehfuss tube. had already been noted one (Orr, 
1920) that cases relatively high blood-pressure increased pressure may 
occur the consumption large quantities water. 

the pathological cases little increase the pressure shown 
the water days, because these cases care was taken noting the output 
urine ensure that the water was not being administered more rapidly than 
the kidneys could excrete it. 


Post-water Days. 


all the subjects there definite fall both systolic 
and diastolic pressure the day following the increased intake water. 
some cases, Subject the pressure returned the pre-water level 
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the second post-water day. most the cases, however, the pressure, and 
more especially the diastolic pressure, tended remain down for more than 
one day. 

Cumulative some evidence cumulative effect 
Tables and where corresponding readings successive experiments 
the same subject are compared. interval two four weeks inter- 
vened between the experiments. each experiment the readings tend 
lower and the fall the post-water day greater than the preceding 
one. Further, the rise the water day, which quite definite the first 
experiment Tables and (cases high blood-pressure), either slight 
absent the subsequent ones. striking contrast this cumulative 
these subjects the case Subject where repeated 
attempts failed produce any results beyond the first post-water day. 
Reasons are adduced later for believing that the fall pressure due the 
influence the the metabolism protein. The difference the 
cases probably due the fact that Subjects and were 
ordinary diet, while Subject was very low protein diet therapeutic 
measure. 

Pulse-pressure and Subjects and (high blood-pressure 
with detected kidney lesion) the influence the increased water intake 
pulse-pressure variable. definite fall all the normal and pathological 
subjects shown the following table 


TABLE 13.—Pulse-pressure. 


Pre-water First post- 


water. 

Subject 
Subject 


the pathological subjects there tendency for the pulse-rate rise 
the water days. the post-water days falls below the level 
the rre-water days. all the other subjects the pulse-rate slower after 
the ingestion the water. 

consideration the pressure and pulse-rate shows that the fall the 
systemic pressure produced the passage water through the system not 
counter-balanced accelerated pulse-rate more powerful heart-beat. 
The regulatory nerves the circulatory system are normally efficient 
preventing fall blood-pressure below the required level. The fact that 
diminished pressure following water ingestion not accompanied increased 
rate force the heart-beat seems indicate that the lower level established 
the days does not embarrass the organism and necessitate 
the calling into action the regulating nervous mechanism. this view 


correct the systemic pressure nearer the optimum than the 
pre-water, and the effect the increased water ingestion has been remove 
cause unnecessarily augmented blood-pressure. 


COMPARISON RESULTS WITH PREVIOUS WORK. 


Hay (1882) strong saline cathartics removed water from the blood and 
found, contrary expectations,” marked rise blood-pressure, shown 
sphygmographic tracings. suggested that the salts used—sodium 
sulphate and magnesium sulphate—had stimulated the tunica intima the 
vessels and induced contraction the smaller arteries and capillaries. 
MacWilliam, Mackie and Murray (1904), however, found that immediate 
fall blood-pressure produced the introduction sodium sulphate into 
the blood-stream and change magnesium sulphate. There evidently 
contraction arterioles due irritation the salts, that the explana- 
tion suggested Hay seems invalid. the light the results presented 
here, the more probable explanation that the reduction the volume the 
blood, the abstraction water produced the cathartics, reduced diuresis 
and the flow fluid through the tissues—a condition opposite that produced 
these present experiments, and followed opposite result. The present 
results are therefore really agreement with and are extension Hay’s 
original observations. 

Benedict and Carpenter (1918), the course inquiry into the 
influence water-drinking the energy exchange, took few readings 
systolic blood-pressure four subjects before and after the ingestion 
500 water. They concluded that significant change pressure was 
produced the ingestion water. The average readings obtained them 
for the first three subjects were: Before water, 105, 113 and 120; after 
water, 102, 103 and 107. 

the fourth subject the readings were: Before water, 117 and 116; after 
water, 126, 128, 119 and 117. 

the readings were taken the water day, was evidently the case, the 
records are confirmatory the results presented here. three cases there 
fall the water day occurs our normal subjects. one case 
there immediate rise pressure, which evidently disappears the extra 
fluid eliminated. reading the fourth case the post-water day 
would have been interest. unfortunate that the records are scanty 
and lack any reference diastolic pressure. 

Miller and Williams (1912), working with three patients with very high 
blood-pressure, found that the introduction litres water one day 
markedly raised the systemic pressure the day which the water was 
given. Fortunately, two the cases, readings were taken the following 
day, and recorded the protocols, though reference made these 
the text. They are 


Protocol 
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Protocol 
Water was given during the night December 26th and 27th. 
Body wt. lbs. 


Even though the body-weight seems indicate that the volume the 
blood had not returned normal, marked decrease the systemic pressure 
and the pulse pressure the post-water period, evident. 


THE CAUSE THE FALL BLOOD-PRESSURE AFTER INCREASED 
WATER INGESTION. 


recent years there has been accumulation experimental evidence 
the influence certain nitrogenous decomposition products raising blood- 
pressure. Dixon and Taylor (1907) found extract placental tissue 
active principle that caused rise blood-pressure due contraction 
arterioles. Rosenheim (1909) showed that the pressor effect was due 
p-hydroxyphenylethylamine. About the same time Barger and Dale (1909) 
showed that this substance was the chief body concerned the pressor effect 
that could got from extract putrid meat. derived from tyrosine 
anaérobic disintegration. Several other amines which exert pressor 
influence have been described Barger and Dale (1910). has been 
shown Dale and Dixon (1909) that some least these amines can 
absorbed from the alimentary canal and produce pressor effects when 
administered. The possibility these pressor substances arising means 
other than bacterial action has been shown Emerson (1902), who found 
pressor substance the autolysis pancreas under conditions that excluded 
putrefaction, and Langstein (1902), who obtained the same body 
prolonged peptic digestion egg albumen. The results these investigations 
show that certain amines which exert pressor influence may originate 
the intestine and absorbed the blood-stream. They also suggest the 
possibility certain nitrogenous substances with pressor influence arising 
the tissues result perverted incomplete metabolism protein. 

great amount work has been done the influence water-drinking 
protein metabolism. review the older given von 
Noorden (1907). general agreement that the drinking water 
produces rise the excretion nitrogen the urine the first day 
increased water consumption. There is, however, diversity opinion 
whether this represents merely flushing out end-products increased 
catabolism protein. Fowler and Hawk (1910) found that increased water 
consumption was accompanied more rapid digestion and more complete 
absorption the protein the food, and also decrease nitrogen 
and the bacteria the One (Orr, 1914), working the 
influence increased water consumption the metabolism protein the 
tissues, obtained results that suggested that increase the amount water 
passing through the system causes acceleration both the catabolic and 


the synthetic phases protein metabolism, resulting the one case the 
production innocuous final products, chiefly urea, which are excreted, and 
the other completely synthetised protein. The results showed that the 
stimulus protein metabolism may continue for two three days after the 
extra water has passed through the system. 

consideration the results work the influence increased water 
intake the protein metabolism suggests that least three may 
involved the reduction blood-pressure noted the recorded 
here. 

The initial flushing-out process, evidenced the increased excretion 
nitrogen the urine, may remove pressor substances from the system. 

The results obtained Fowler and Hawk (1910) suggest that anaérobic 
disintegration nitrogenous material the large intestine may diminished, 
with consequent reduction the formation and absorption pressor 
substances. 

possible that substances that produce arterial contraction arise 
cases sluggish perverted metabolism under conditions protein 
surfeit. The acceleration the metabolism protein with the more rapid 
formation innocuous final products would lead the elimination these 
pressor substances. 


Note.—We wish express our indebtedness Prof. McWilliam, 
for the kindly interest taken the work recorded here, and for valuable advice 
and guidance rendered from time time during the course the investiga- 
tion. are indebted also Drs. Fraser, Smith and Pirie 
for facilities for making observations wards the Royal Infirmary, Aberdeen, 
the pathological cases. 


CONCLUSIONS. 


(1) Both apparently normal subjects and pathological cases with 
high arterial tension copious ingestion water followed decrease 
blood-pressure. 

(2) suggested that the fall pressure due the elimination 
pressor substances that cause arterial constriction. 

(3) When diuresis unable keep pace with the intake water, may 
occur renal inefficiency, the fall pressure preceded rise above the 
original level. 
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DETAILS THE TECHNIQUE ADOPTED FOLLOWING 
WEIGL’S PLAN FEEDING LICE INFECTED 
WITH THE VIRUS TYPHUS FEVER 
RECTAL INJECTION. 


BACOT, 


From the Lister Institute, London. 


for publication January 19th, 1922. 


THE author had the advantage, when Warsaw the spring 1920, 
seeing Dr. demonstrate his plan feeding lice inserting 
minute capillary pipette into the rectal opening the insect and injecting 
meal blood. Dr. Weigl did not this occasion demonstrate any 
attendant details the sterilisation the insect the pipette prior 
the operation, nor any mention made the necessity for such precautions 
the summary English his paper (1920). 

The alimentary tract Pediculus and, far microscopic 
evidence goes, that some species lice occurring animals other than 
man, normally and experience shows that the case Pediculus 
humanus bacterial contamination the gut frequently, not always, 
followed the speedy death the insect. 

When breeding lice gauze-covered boxes, evidence obtained whieh 
suggests that bacterial contamination the gut one the normal causes 
death among captive lice, and that the death-rate from this cause greatly 
accentuated moist very humid conditions, etc., the boxes. 
therefore necessary, when feeding rectal injection, adopt measures 
reduce the danger infection, when inserting the pipette, minimum. 

Sikora (1920) gives account the method she adopted sterilising 
the lice she used for injection experiments (immersion 1/1000 mercuric 
chloride followed washing iodine and hyposulphite soda), but gives 
indication whether the solutions were diluted alcohol water. 
may mentioned this connection that lice can survive ten minutes’ 
immersion per cent. alcohol. have tried the method indicated 
Sikora using per cent. alcohol the solvent, but personally have 
succeeded better immersing the insects for from two four minutes 
per cent. (temperature about F.). 

The lice* are transferred from the sterile water and removed 
thence filter-paper placed Petri dishes recover. Activity 
more rapidly incubation 90° for few minutes. 


was pointed out that much easier inject females than males; the 
death-rate from faulty technique speedily testified the correctness this warning. 


t 
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RECTAL FEEDING LICE. 


inject the infecting material food have found whipped 
human blood most satisfactory), the loase held position under slip 
paper glass slide placed the stage binocular dissecting 
microscope the anal extremity insect should project little way 
beyond the paper allow clear view the passage the pipette. 
The magnification required about sixteen diameters. 

finely drawn capillary pipette redrawn minute flame and the 
tapering point cut off nearly possible right angles the pressure 
triangular pointed needle glass slide. One soon learns judge 
the necessary external diameter (about mm.) comparison with the 
tapering point the needle. The cut end the tube must smoothed 
flaming, and this item the technique have found require considerably 
longer practice than the correct insertion the pipette into the rectal passage, 
which lies close beneath the dorsal skin. After loading, the pipette.is inserted 
short distance little beyond the last segmental incision) the rectal 
passage and sufficient fluid forced into the stomach gradual pressure 
well-fitted rubber teat. Weigl used, and showed his illustration, 
small injection syringe, but experience good teat quite powerful 
enough. 


METAL GUARD FOR 


Fie. 


Until one has had considerable practice there some danger, working 
with infecting material, pricking finger before the pipette comes into 
the field the microscope. metal guard covering the fingers may 
cut out any thin soft metal (Fig. and bent into shape required 
(Fig. 2). 

This safety device renders the operation somewhat slower, and is, 
course, quite unnecessary when feeding with sterile blood. 

The pipette washed out after each injection with distilled water 
salt solution, and then sterilised boiling water before taking the blood 
infecting material for the next operation. 

Major Patton, I.M.S., indebted for the suggestion touch the 
skin and hairs surrounding the rectal opening with minute droplet 
per cent. alcohol immediately prior the insertion the pipette. 
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meals per day are necessary the lice are incubated 
one meal sufficient 80°F., and lice may kept over the week-end 
for forty fifty hours single meal kept 65°F. Lice have been 
successfully kept alive this system feeding for twenty-seven days, 
and are sufficiently well nourished develop eggs and lay them the 
temperature high enough. 

Healthy uninfected lice are generally easier feed than those which 
are heavily infected with They further appear 
better nourished their meals, and less liable have the lower intestine 
obstructed solid particles excreta than the infected lice. 

view the success which attends rectal feeding, the question, 
frequently debated, the use salivary fluid again raised. Presumably, 
owing the extreme specialisation the piercing and sucking apparatus, 
and the fact that the salivary ducts enter the base the pocket beneath the 
palate, the salivary fluid does not obtain access blood rectally injected. Its 
service, any, aid the digestion the blood would seem, therefore, 
easily dispensed with, although, course, its suggested use connection 
with the prevention coagulation not called question when the food 
given defibrinated blood. 

Lice which have been well fed rectally appear have ravenous appetites 
when allowed feed naturally, even monkey, but not perhaps safe 
infer from this that rectal feeding does not assuage their appetites. 

was very noticeable during the course experiments how short time 
human lice survived when fed naturally Macacus monkey comparison 
with those fed per rectum whipped human blood. 


communication dealing with results intra-rectal infection lice with 
guinea-pig platelet emulsions containing typhus virus will appear the next 
number this Journal. 
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THE POISONOUS PROPERTIES COLLOIDAL SILICA. 
THE EFFECTS THE PARENTERAL ADMINI- 
STRATION LARGE DOSES. 


From the National Institute for Medical Research, Hampstead, London. 


Received for publication December 22nd, 1921. 


THE starting-point the investigation described the present series 
papers was observation made 1918 one the authors (W. G.) 
when working the subject anaérobic infections, namely, that intra- 
peritoneal injections small doses freshly prepared colloidal silica 
mice are lethal. 

During the last twenty years considerable number medical memoirs 
silica have been published; for the most part they are chemical and 
therapeutic interest. The majority the chemical investigations have been 
merely the mechanical estimation the percentage silica the organs, 
tissues and fluids the animal body. figures published different 
observers show great discrepancies, but there general agreement that silica 
the body. Schulz (1903) concludes from the results large number 
analyses that silica essential constituent connective tissue, and that 
young animals the proportion silica present greater than older animals. 
Kahle’s (1921) figures for the analysis the pancreas not support this view 
however. Schulz, and other investigators believe that silica meta- 
bolised the body. 

Germany silicic acid, one form another, used the treatment 
pulmonary tuberculosis (Kobert, others). The substance 
administered mouth intramuscular injection. The basis the 
treatment appears be, first, that almost immediately following injection 
small dose there considerable increase the number leucocytes 
the peripheral blood; and secondly, that silica stimulates the production 
connective tissue—presumably specifically around the tubercular lesions. 
critical examination the treatment has been made Roth (1921), whose 
paper contains long list references. 

Sodium silicate has been employed Scheffler, Sartory and Pellissier 
(1920) and (1921) the treatment arteriosclerosis. 

spite the stimulus which the use drug practical medicine 
gives laboratory investigations, there has been systematic and thorough 
study the pathological effects which follow the administration colloidal 
silica. 
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Friedenthal (1900), footnote paper the passage colloids 
through the intestinal wall, states that silicic acid when injected intravenously 
may kill animal; attributes death the formation insoluble preci- 
pitates calcium and silica. Kobert utters warning against the too rapid 
injection silicic acid into the blood-stream, pointing out the possibility the 
occurrence embolism. Zuckmayer (1921) quotes experiment Siegfried 
which cat died hours after being injected intravenously with mgrm. 
silica per kilo body-weight. 

The same author has studied the effects administering small doses 
parenterally dogs. His investigations were stimulated and limited the 
consideration silica drug, and give very little information. 

Before describing the results obtained injecting silica sol different 
routes, brief account the elementary chemistry silica will given. 


CHEMISTRY SILICA. 


Silica occurs abundantly nature amorphous form, and also 
crystalline condition. insoluble water and all acids except 
hydrofluoric can dissolved alkalis, e.g. boiling the amorphous 
powder solution sodium carbonate, form alkaline silicates, which are 
easily decomposed weak acids. 

Silica may obtained the colloidal state either gel, the form 
depending upon the extent hydration the silica molecule. The sol form, 
usually known orthosilicic acid,” which the formula Si(OH), assigned, 
may filtered through Berkfeld candle, and can sterilised boiling 
the autoclave. The gel form, metasilicic with the formula 
can prepared directly the action acids alkaline silicates, may 
obtained allowing the sol form gel—a process which irreversible that 
say, not possible obtain afresh solution colloidal silica from 
one which has been allowed gel. 

The description these colloids acids not justified the properties 
the substances themselves; convenient regard them acids 
order provide satisfactory classification the mineral silicates. 
speaking, however, probably error put them the same list the 
weak acids (Le Chatelier, 1914). They are practically neutral litmus, and 
have faint acrid taste which persists. 

The circulation silica nature depends upon the formation and ready 
decomposition hydrated silica and complex-balanced solutions the 

alkaline silicates. 

When used this and the following papers the terms 
and will refer orthosilicic acid, and the term will 
refer metasilicic acid. The strength the respective substances will 
given the weight silica contained 100 the sol and 100 
grm. the gel. The silica sol used throughout this investigation was pre- 
excess strong HCl, and then freeing the mixture the HCl and NaCl 
dialysis. The water-clear sol was then filtered through Berkfeld candle and 
stored test-tubes. 
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THE POISONOUS PROPERTIES COLLOIDAL SILICA. 


THE EFFECT THE INJECTION LARGE DOSES SOLUBLE SILICA. 


Subcutaneous Injections. 


When per cent. solution orthosilicic acid injected under 
the skin mouse inflammatory reaction occurs (Bullock and Cramer, 
the the site the injection become dilated, fluid 
poured out, large numbers white cells and few red blood-corpuscles escape 
into the area, which the naked eye flat, colourless, gela- 
tinous swelling from one-half one square centimetre size. 


Intraperitoneal 


The effects obtained intraperitoneal injections vary with the degree 
dispersion the silica sol. The freshly-prepared sol much more toxic than 
one which has been kept for long time, e.g. three months. The sol always 
tends gel; first the viscosity increases, and then, with the lapse time, 
definite gelation begins, and proceeds rapidly until all the sol converted into 
gel. These changes may retarded means traces acid alkali 
protective colloid such albumin, but they cannot prevented. Co- 
incident with this the toxicity intraperitoneal injections decreases, whilst 
intravenous injections the reverse the case, will shown later. 
evident, therefore, that any quantitative statement poisonous doses must 
qualified description the state the sol. With regard 
freshly-prepared sol kill mouse, and that mgrm. kill guinea-pig 
250 grm. weight; (2) that the sol which has been allowed become opales- 
cent and whose mobility has diminished kills mouse doses mgrm. 
and guinea-pig doses 50-60 and (3) that the gel does not kill 
doses which practicable administer. 

There another difference action between the highly-dispersed sol and 
that which has stood for some time. The effects the former are shown 
within few minutes after injection, while the latter produces symptoms 
within hours. These points are illustrated the following protocols. 

Experiment G.—October 10th, 1921: sample silica sol, which had 
been dialysed against distilled water until the chlorides had been removed, 
was filtered through Berkfeld candle, and immediately injected intra- 
peritoneally into mice the doses indicated below. Subsequent analyses 
the filtered sol showed the concentrations per cent. 


Mouse No. Dose injected. hrs. after. hrs. after. 


Within five minutes the injection all the animals became quiet and 
reluctant move later they began shake and the legs became unsteady. 
After hour the mice recovered and then appeared quite well. 


Post-mortem there was nothing special importance note beyond 
dilatation the intestines, the peritoneal surface which showed here and 
there fragments fibrin. Films the peritoneal exudate contained large 
number lymphocytes, polymorphonuclear leucocytes, endothelial cells and 
few red blood-corpuscles. some the animals fair number bacteria 
—chiefly Gram-negative bacillus—were present, others few none. 

Experiment G.—October 10th, 1921: Six mice were injected intra- 
peritoneally, each with 0°3 per cent. silica sol which had been kept 
for months; the sol was faintly opalescent. The animals remained active 
and well after the injections. Twenty-four hours afterwards all six mice were 
ill; hours after the injection had recovered, was dead. 

Guinea-pigs are affected the same way after the injection larger 
doses—from c.c. per cent. sol, made isotonic with immediately 
before use. When the sol freshly prepared the injected animals become ill 


within few minutes they often display curious rhythmical jerking the 
head which may persist for half hour. The legs are spread out help- 


less fashion, the respirations become rapid, and the animals appear moribund. 
When the animals are disturbed, however, they move away, thus indicating 
that the distress temporary. minutes they recover and after- 
wards appear quite well. Death may take place hours may 
delayed for several days. 

are not yet able state definitely the cause death. first 
were inclined attribute septic peritonitis, but this explanation must 
rejected. Whilst fair proportion the animals—and especially mice, 
which are prone infection—bacteria are found post-mortem large numbers 
the peritoneal exudate, many the numbers found are few none. 
guinea-pigs which die days after injection the intestines are matted 
together fibrinous material which organisms are found the liver and 
kidneys are pale, and show, when examined microscopically, degenerative 
changes. 


Intravenous Injections. 


The results which follow the intravenous injection silica sol vary with 
the method administration, whether, for example, the total dose 
administered once fractions shorter longer intervals. 

animal may killed few minutes single large dose which, 
for the same sample sol, fairly constant, body-weight for body-weight, for 
rabbits, rats, guinea-pigs and mice. With the freshly prepared sol the lethal 
dose roughly 100 mgrm. per kilo body-weight. When the sol has been 
kept for long time and gelation has begun the killing dose less, 
mechanical factor probably being added the toxic. Also when the con- 
centration high, per cent., the sol more effective than when the 
concentration low. This probably only another way stating that 
gelation reduces the killing dose, since the higher the concentration the more 
rapidly the sol gels. The cause death these cases intravascular clotting. 

When single lethal dose administered fractions short intervals, 
e.g. every half hour, the animal remains quite well until the last two three 
portions are injected. After the last fraction succumbs. 


ty 


> 


THE POISONOUS PROPERTIES COLLOIDAL 


the sol given large but sublethal doses—40 mgrm. for 
rabbit—at daily intervals, the animal dies after days, and under these 
conditions death due profound degenerative changes the liver, kidneys 
and other organs, together with hemorrhages the intestinal mucosa, the 
tracheal mucous membrane, heart-muscle and elsewhere. evident that 
these cases may separated naturally from those which death takes place 
almost immediately after the completion the injection. shall, therefore, 
divide this section into two parts, the first dealing with those cases where 
death occurs rapidly, and the second with those which death occurs after 
several days. 

Rapid death.—The results obtained may best described repro- 
ducing protocols experiments. 

Experiment 29.—June 21st, 1921: healthy mouse was injected intra- 
venously with 0°3 per cent. silica sol. The solution was injected very 
slowly. The mouse appeared perfectly well when the injection was 
completed and walked about normally. Two minutes afterwards the animal 
became unstable its hind legs, which shook when attempted walk 
the weakness spread rapidly the fore limbs, the animal became convulsed 
and died. The mouse was dead within three minutes from the time 
completion the injection. 

post-mortem examination was made once. The right side the heart 
and the large venous trunks were distended with clotted blood the left ventricle 
was empty. 

The lethal dose varies from mgrm. When the solution silica has 
begun gel, shown the development faint opalescence, the mouse 
usually supported mouse grm. weight. When death occurs 
immediately due intravascular clotting. Sometimes, and especially 
after the injection dose bordering the lethal, mgrm. freshly- 
prepared solution, animal may become ill and die from hours. 
The cause death these cases not always easy determine. The only 
lesion which have found microscopically necrosis the convoluted 
tubules the kidney. 

The next experiment illustrates the effect dose which was barely 
lethal. 

Experiment G.—March 14th, 1921: Six mice were injected intra- 
venously, each with mgrm. (in saline) soluble silica. the 
morning March 15th two were found dead and were thrown away. One 
mouse was very illand was killed with chloroform. Post-mortem there was 
unusual redness the subcutaneous tissues; the liver was pale, the gall- 
bladder distended with dark bile; the intestines were pale, contracted and 
still; the kidneys were pale, and the bladder was distended. The heart and 
lungs were normal. Microscopical examination revealed tubular necrosis 
the kidney. fourth mouse was killed March 17th; this animal also 
showed necrosis kidney tubules. The fifth animal died April 9th, 1921, and 
was discarded. 

The last mouse this series was killed April 28th, 1921. The kidneys 
were small and contracted. Microscopic examination showed the replace- 
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connective tissue tubules which had been necrosed and had 


disappeared. 


Experiment 28.—June 22nd, 1921: healthy rabbit weighing 1275 grm. 
was injected intravenously with clear per cent. solution silica, which 
was added immediately before use sufficient volume saturated salt solution 
make the resultant mixture isotonic with blood. Ten cubic centimetres 
were injected very the rabbit appearing quite further c.c. was 
injected. Whilst the last few c.c. were being delivered the animal became 
rather restless and uneasy. The total dose administered was 190 mgrm. 
Immediately the injection was completed the rabbit was put the floor and 
observed. began walk about, but had difficulty with its hind legs; 
then lay quiet, then kicked and struggled, rolled over and died. The time 
which elapsed between completion the injection and death was minutes. 

post-mortem examination was made immediately. The subcutaneous 
tissues were pallid and bleeding occurred when skin was cut away. The 
liver was purple; active peristalsis the intestines was observed. The vena 
cava was distended. the left kidney was cut away came from the 
renal vein. The lungs were collapsed and firm section. The right side 
the heart was dilated and full blood-clot, the left side was empty. The 
pulmonary vessels and the inferior vena cava were filled with clot. 

35.—June 30th, 1921: healthy rabbit weighing 1700 grm. 
was injected intravenously with c.c. per cent. silica sol, which was 
opalescent and less mobile than water. The solution was injected slowly, the 
injection taking half minute. The rabbit was restless during the process, 
and when put the floor, after the injection was completed, staggered, 
struggled and died. Death took place two minutes after the beginning 
the injection. 

The right side the heart was found dilated and filled with blood- 
clot, the left side almost empty. this case the dose injected was mgrm. 

43.—August healthy rabbit weighing 1300 grm. 
was injected intravenously with c.c. soluble silica strength 1°4 per 
cent. 8.35 a.m. and again 9.10 am., 9.50, 10.20, 11.5, 11.40 and 
12.20 p.m. The total amount injected was, therefore, c.c., which represented 
mgrm. silica. 

After the fourth injection the respiration-rate increased. 11.43 a.m., 
after the sixth injection, the rabbit was disinclined move and was panting. 
12.6 p.m. the animal tried rise, but did not succeed. After the last 
injection, 12.20 p.m., the animal struggled, took single deep inspirations, rolled 
its side and died. 

The carcase was examined immediately. The heart was still attempting 
beat, the right side was engorged. There was clot the right ventricle 
inferior vena cava. The blood was dark brown colour throughout 
the body. 

subsequent experiment the same kind have found that 
hemolysis the blood occurs, and that the bladder contains urine stained 
with hemoglobin. 

This and other similar experiments have shown that silica sol when 
injected comparatively small doses short intervals either accumulates 
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within the blood—that say, that excretion that lesions that 
may caused small doses aresummated. cause death 
these cases have not yet elucidated; not, however, due universal 
clotting. Clot-formation the smaller vessels have not excluded. 

Our colleague, Dr. Lovatt Evans, very kindly estimated the effect 
100 mgrm. colloidal silica the basal metabolism full-grown rabbit. 
The effect was nil. may concluded, therefore, that single large dose 
does not affect, immediately, the metabolic activity the tissues. 

The clotting the blood which has been described was first attributed 
direct action the silica the blood. This view easily understood 
when realised how readily solution silica gels the presence 
leads the formation, hour, fairly stiff gel, which, when sloped, 
suitable solid culture medium for bacteria. easy imagine that the 
colloidal silica injected directly into the blood-stream becomes gel and that 
clotting begins round the particles gel, gradually spreading through the 
vascular system. This conception supported the fact that the sol which 
has begun gel acts smaller doses than the pure sol. When colloidal 
silica added blood vitro, however, the rate clotting not accelerated 
doses which proportionately are certainly lethal the animal supplying 
the blood. The only noticeable effect the blood slight hemolysis 
the red cells. This, course, was expected, since known that 
acid and lecithin together are able lake red blood-corpuscles. 

The rapid production clot the blood-vessels the living animal must, 
follows, due action some other tissue than the blood, and most 
probably the vascular endothelium. 

The following experiment, one several, was designed test this point. 
was carried out Capt. Douglas (using Wright’s method), whom 
desire express our thanks. 

healthy rabbit, weighing 2°5 kilos, was bled, and the clotting time 
the blood this was found minutes. The test was repeated 
minutes, and the time again found minutes. The rabbit was then 
injected with mgrm. silica, made isotonic with blood. 

The following observations were then made 

minutes afterwards blood was taken: was very dark colour; its 
clotting time was min. sec. 

minutes afterwards the blood clotted minutes. 

hours afterwards the blood clotted minutes. 

hours afterwards the blood clotted minutes. 

another experiment, which the same amount soluble silica was 
injected, the clotting time fell from minutes minute hours. 

will noticed from these experiments that the capacity clot rapidly 
augmented, and that hours later isdiminished. impossible 
resist the conclusioh, which some extent supported the effects 
intraperitoneal injections, that colloidal silica acts upon the vascular 
endothelium. 

Slow this part our investigation have done but few 
experiments, and the total number are, therefore, given the following 
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during the first ten days; 
tending recover after 10th 
day; killed 14th day. 


killed 14th day. 


Thus, the ten animals used, one alone survived repeated intravenous in- 
one, which was injected twice with the largest dose given the series 
experiments, became ill, but was allowed recover, and was killed later. 
All the rest died the third fourth day. analysis the protocols 
the separate animals shows that, although there are slight differences clinically 
the course the illness produced—one, for example, showed conjunc- 
tival hemorrhage, the others did not—and the post-mortem and micro- 
scopical findings, the differences are not sufficiently great warrant separate 
description for each animal. general account the experiments will 
given which fairly applicable all. 

After the first injection the dose mgrm. more, but after the 
second injection when the dose less, the rabbit becomes quiet and listless 
and loses its appetite. Its weight falls hundred even three four hundred 
grammes, due probably the emptying the intestines and loss fluid 
which not replaced. There regular effect the temperature the 
animal. The condition debility and lassitude passes pronounced 
weakness, and the animal dies without exhibiting any premonitory sign that 
death imminent. The urine, which the beginning the experiment and 
during the first day contains albumin, contains, the third (or fourth) 
day, amount which gives thick cloud boiling and acidifying. Urine 
taken from the bladder post-mortem contains enormous number casts 
and few epithelial and red blood-cells. 

The most prominent features post-mortem examination are the occur- 
rence petechial the skin, the mucosa the stomach 
and intestines, the lungs, the thymus, heart muscle and elsewhere—and the 
evident degeneration the liver, which pale and shows finely mottled 
surface. The spleen always enlarged, though variable extent, the 
edges being rounded and the natural depressions and rough markings lost 
the general swelling the organ; the colour varies from salmon colour 
deep red. The kidney swollen and pale; section the larger vessels 
stand out deep red points. The lungs are hemorrhagic. two animals 
the series the ureters showed red cords, which was found due 
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hemorrhages the submucosa and the muscular coat. The adrenals are 
soft and redder than normal; the pancreas, thymus and thyroid are not 
conspicuously altered. Lymphatic glands, subcutaneous, abdominal and 
thoracic, are generally swollen and soft and sometimes hemorrhagic. 
Microscopical examination the tissues confirms these observations. 
The key the pathological changes the organs found the destructive 
action the silica sol the endothelial lining the blood capillaries. This 
shown frankly the occurrence petechial and demon- 
strated sections organs, especially the liver, which the vascular 
endothelium found different stages degeneration, from simple swelling 
with vacuolation cytoplasm desquamation and often complete destruc- 
tion. not wish draw the conclusion that endothelium alone 
poisoned the sol, and that other pathological effects are merely conse- 
quence endothelial damage. Other cells are doubtless affected directly 
the poison, but from the microscopical findings clear that the primary 


_effect the vascular endothelium, which expected from the mode 


administration. Some the changes observed are shown Fig. 
Large numbers endothelial cells pass into the general circulation, and are 
seen cross sections blood-vessels. represents vein the kidney, 


which these large cells are seen. The picture fairly representative 


what may seen sections any organ. 

The question now arises: Are the lesions observed due the action 
liver few Kupfer cells are found containing large numbers 
cocci, but the striking feature respect bacteria the occasional 
occurrence small masses cocci—veritably colonies organisms—in the 
capillary blood-vessels. They are most frequent the kidney, liver and 
spleen, but may found persistent searching most the organs. The 
colonies are set what appears altered there little 
tendency wander through the capillary walls into between adjacent 
cells; and there reaction the tissues round about the masses. With 
iron hematoxylin they stain more less uniform black; the individual 
organisms are best demonstrated Murray’s (1919) nile-blue picrofuchsin 
method staining. Fig. represents two glomeruli containing these 
colonies bacteria; they must not taken, however, typical the mass 
glomeruli kidney, the vast majority exhibiting the necrosis the tuft, 
blood and serum the capsular space, but containing bacteria. the 
case two animals whose tissues were fixed immediately after death the 
bacterial masses have not been found. 

The formation these masses organisms undoubtedly terminal 
phenomenon. The silica sol injected was sterile, and all the usual aseptic 
precautions were used performing the operations. Further, the first animal 
the series (No. the table above), after receiving thirteen injections, shows 
none these colonies liver, kidney spleen. 

has already been stated that and kidney show degenerative 
changes obvious the naked eye. The special incidence upon these organs 
may due attempt their part excrete the silica. The liver, 
most cases, shows focal necrosis, sometimes such extent that more than 
half the liver parenchyma dead two cases the amount necrosis was 


very small. The distribution the necrotic areas not characteristic. 
most frequently the mid-zone the lobules, though sometimes the lobule 
completely destroyed. There are two kinds necrosis present, and these may 
found side side. one the liver-cells are represented cell débris 
—cell columns being widely separated dilated sinusoids 
which are packed with altered blood. The general appearance produced 
that red infarct, but the mode production the lesion would appear 
that thrombosis has occurred the capillaries, with subsequent death 
liver-cells. 

the second type necrosis the liver-cells are not completely destroyed 
pyknotic nuclei and vacuolated protoplasm remain. The sinusoids are dilated 
but contain little blood the endothelial lining swollen and desqua- 
mating. all cases the areas necrosis (and foci the livers which 
not show advanced necrosis) extreme degree fatty degeneration 
observed. The liver-cells the normal rabbit show, rule, small widely 
separated particles fat which are generally situated near the cell boundary 
the normal liver endothelium contains fatty particles quite frequently the 
liver-cell proper. Here and there endothelial cells may found, which 
almost the whole cytoplasm stains with sudan. the degenerated livers 
these experiments, however, the stainable fat the dead and dying liver-cells 
and many endothelial cells enormously increased quantity and occurs 
large globules. 

The most conspicuous damage the kidney shown the glomeruli, 
which are universally affected. The smallest changes observed consist 
extraordinary dilatation capillaries the tuft with exudation serum 
into the capsular space the epithelium lining the capsule very prominent, 
often swollen and sometimes desquamated. the more violent changes the 
tuft may completely necrosed, and, has already been said, colonies 
bacteria may shown the midst coagulated blood. Red blood-corpuscles 
are found the capsular space and appear the form casts the tubules. 
The renal epithelium, although showing degeneration here and there, not 
badly affected would expected from the violence the changes the 
glomeruli. There mild degree fatty degeneration, which, however, 
not conspicuous the highly specialised cells the convoluted tubules 
the cells the collecting tubules. The ductsof Bellini often show extensive 
fatty degeneration. Fat also found the glomerular tufts. 
numbers casts are found the tubules, many which are widely dilated. 

The histological changes the spleen are somewhat variable. most 
the spleens necrotic effect few extreme congestion 
the organ most noticeable. the former type there evident dis- 
appearance cells, those remaining being widely separated swollen 
reticulum which particles chromatin are found; the lymphoid masses 
are scanty and often show areas focal necrosis. the blood channels large 
numbers mononuclear cells with abundant cytoplasm which often contains 
inclusions are found. the second type the blood sinuses are distended with 
blood which contains large numbers endothelial cells. There not such 
evident destruction cells the form already described. 

The pathological changes found the other organs are not 
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Stained iron-hematoxylin and van Gieson. 


Liver Rabbit 76/A which received intravenously for days daily doses mgrm. silica. The endothelial cells 
are increased in number and are considerably changed, They show various degrees of enlargement, vacuolation, and 
desquamation, Some of those which are free have deeply-staining cytoplasm, Giant-cell formation is seen. Mitotic figures 
are present in 2 endothelial cells—one opposite each marginal arrow. The liver-cells in the area figured do not show the 
more extreme changes seen other parts the section, 
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Fig. 2. Scale 1100: 1. 
Stained and van 
Gieson, 

Blood large vessel the kidney 
of Rabbit 71/A which received intra- 
venously mgrm. silica each 
3 successive days. Nine large, free 
endothelial cells are seen the section. 
One faint and considerably vacuo- 
lated, while the others have deeply- 
staining cytoplasm and a tendency to 
vacuolation. Similar cells are present 
the blood sections the other 
organs. 


Fic. 3. Scale 360: 1. 
Stained iron-hamatoxylin and 
van Gieson. 

Kidney from the same animal 
as is the preceding figure. The 
glomerular tufts show dilated capil- 
laries filled with altered blood 
which colonies of cocci have grown. 
The tufts also show good deal 
necrosis and loss vascularity, 
There is blood in the capsular space 
of the upper glomerulus and also in 
several tubules. The tubular epi- 
thelium shows some cytoplasmic and 
nuclear change. 
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regular deserve detailed description. has already been stated that 
hemorrhages may found any situation, and reference has been made 
the condition the ureters two animals. The mucous membrane the 
alimentary tract exhibits petechial hemorrhages almost constantly. one 
animal the cortex the suprarenal bodies necrosed and others small 
hemorrhages are found. But, generally speaking, apart from the occurrence 
petechial hemorrhages, the other organs the body are not constantly 
involved the necrotic process observed liver, spleen and kidney. 


SUMMARY. 


Silica sol administered parenterally poisonous substance. Injected 
intravenously very large doses causes immediate death, which due 
clotting the blood. sublethal doses accelerates the rate 
clotting the blood when shed. Added blood vitro has influence 
the rate clotting. Silica sol injected intravenously rabbits daily 
doses mgrm. causes death two four days, and post-mortem 
petechial hemorrhages and profound degeneration liver and kidney are 
found. The conclusion drawn that the primary action the vascular 
endothelium. 
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the previous paper (1922) has been shown that silica sol, administered 
parenterally, poisonous substance, and the conclusion has been drawn 
that acts the vascular endothelium. When rabbits are injected intra- 
venously with daily doses mgrm. they lose appetite, become 
lethargic, and die days with extensive degeneration the liver and 
kidneys. 

the present paper shall describe the results obtained injecting 
rabbits daily weekly intervals with doses varying from 
The large doses have been given weekly intervals. For the sake con- 
ciseness and convenience the doses and intervals are given the following 
table the experiments which are described this paper. 

Number 


Dose. Interval. 


addition this list animals, others have been used variations 
such experiments the above the results obtained with these are merely 
confirmatory what described, and are omitted from this paper 
merely for economy. Further, the results have been controlled the 
examination equal number normal animals. 

The general health and well-being all the rabbits treated with the doses 
and the intervals given the table above have remained perfectly satis- 
Whilst daily dose mgrm. kills rabbit few days, daily 
dose mgrm. has apparent effect even over period months. 
have under observation present animal which has been injected daily for 
over months with mgrm. SiO, the sol form, and which has been 
throughout, and still is, perfect health; has increased weight, its 
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appetite good, and betrays weakness loss vitality. 
the urine, however, reveals the presence albumin—which has come 
since the experiment began—casts, and occasionally red blood-cells and crystals 
leucin and tyrosin. speaking generally, the rabbit would accepted 
normal for experimental purposes. The state the urine the only 
indication the slow anatomical changes which are occurring under the 
influence the daily injections silica sol. 

There thus fairly sharp line dosage above which the lesions caused 
silica are great that daily repetition the dose leads such profound 
degeneration vital organs inconsistent with life, and below which 
the dose may repeated daily without any obvious disturbance health. 
this latter class experiment the main pathological effect the production 
new connective tissue, especially the liver, but also the kidney and 
spleen, together with other changes which will dealt with later. 

The three rabbits which have been injected weekly with mgrm. 
silica—3 c.c. per cent. sol made isotonic immediately before use—demon- 
strate point some importance. The fact that these rabbits survive—and 
not only survive, but remain good health—after such treatment shows, 
when taken conjunction with the results experiments which mgrm. 
are injected daily, that the lesions produced colloidal silica are rapidly 
recovered from. one week the effects 30-mgrm. dose have far 
passed off that the animal, respect the succeeding dose, behaves like 
normal. The intense-effects large doses are not observed, therefore, unless 
the intervals time between the injections are short. 

Before passing the closer consideration the individual animals 
the several experiments, reference must made the degree variation 
found the histology the normal liver and kidney rabbits. Since the 
principal alteration structure the animals these experiments consists 
the laying down new connective tissue the liver, with little alteration 
the parenchyma, the variations among cells have not been closely studied. 
confine ourselves the consideration the simplest elements histology, 
leaving the future the more refined analysis the changes which take place. 

(1908), interesting paper, which contains able plea for 
the experimental study chronic non-bacterial diseases, makes the remark 
that rabbits are practically useless work cirrhosis, because coccidiosis 
common among them, and even when healed leaves more less marked 
traces the The experience which this opinion based given 
greater detail subsequent paper (1910). Orphiils examined the livers 
rabbits, some young and some old, some bought from the markets and 
some raised the laboratory many the animals had been used for experi- 
ments which injury the liver had been caused few had died 
coccidiosis. six only was the liver perfectly normal. The rest showed 
various stages coccideal infection with more less cirrhosis, and some 
cirrhotic processes were observed though coccidia could not demonstrated. 
The percentage animals suffering from coccidiosis not given, though, 
judging the emphasis laid upon this infection, was high. are unable, 
spite the figures, agree with Orphiils’ extreme opinion, and for several 
reasons. the first place the frequency with which coccidiosis occurs depends 


upon the amount care taken the housing and feeding rabbits. The 
disease can reduced negligible proportions proper attention hygienic 
conditions and prompt elimination weakly animals. the series 
rabbits described this paper were infected with coccidia, and these 
only small extent; the remaining were examined carefully and the 
livers were found free. other series animals, those described 
our previous paper, coccidiosis was absent. the second place, where the 
liver infected, the lesions produced are circumscribed, and, unless the organ 
simply riddled with coccidia, difficulty should experienced fixing 
their And our experience these experiments has been that 
rabbits which are injected with small doses silica sol for five weeks longer 


show fibrosis the liver, whereas, with one exception, control animals 


which are fed and otherwise treated exactly the same way not. The 
difference has been quite sharp. Moreover the character and extent the 
fibrosis are consistently correlated with the size dose silica and with the 
length time during which the injections are continued, and are always 


_accompanied alterations the spleen and Although rabbits are 


not ideal animals for the study cirrhosis the liver, they cannot rejected, 
especially experiments involving repeated intravenous injections. 

The changes found the kidneys this part our work are less striking 
than those found the liver. The primary lesions are found the glomeruli, 
which may show simply dilatation capillaries and diapedesis red cells into 
the capsular space, more advanced changes, such hemorrhages necrosis 
the tuft. rabbits which have been under experiment for many months, 
thickening the glomerular capsules and increase the intertubular con- 
nective tissue are observed. Parenchymatous changes are less conspicuous. 
The changes shall describe are certainly not mere normal variations—they 
are regular consequence the injections silica. 

Orphiils, the series rabbits already referred to, found that had 
normal kidneys, showed slight parenchymatous changes, showed small 
areas cellular infiltration, and there was definite increase the 
interstitial tissue. Lesions the glomeruli and blood-vessels were never 
seen. (1913) examined normal animals: the kidneys were 
and there were patches small round cells between the tubules the 
cortex. instance were glomerular lesions Our own 
observations the kidneys normal rabbits agree substantially with the 
above, but must added (1) that casts are sometimes found, (2) that 
one instance have seen small masses red blood-cells collecting tubules, 
and (3) that the kidneys two normal rabbits occasional glomeruli were 
fibrosed. 

now pass consideration the individual animals the 
experiments. 


Experiments which 10-mgrm. Doses were Injected. 


Three animals were used; two have been killed and one still alive and 
under observation. 
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THE POISONOUS PROPERTIES COLLOIDAL SILICA. 


Rabbit 41/1.—This animal was injected daily for weeks. The ‘total 
weight silica given was 0°94 grm. The weight the animal the 
beginning the experiment was 1600 grm., and the end 3150 grm. The 
gain weight 1550 grm. weeks good evidence that the animal’s 
general health was unaffected. The urine was examined the beginning 
the experiment, when there were few casts and epithelial cells 
fuge deposit, but albumin was present. After weeks albumin appeared 
together with red blood-cells and increased number casts. 

The rabbit was killed with coal gas and post-mortem examination made 
once. The liver was average size; the surface was rough and granular, 
with bands fibrous thickening stretching across individual lobes; was 
firm was tough and resistant the knife. the cut surface the lobules 
stood out prominently. There were coccideal lesions the organ. The 
spleen was greatly enlarged and patches perisplenitis were conspicuous. 
The kidneys, pancreas, adrenals, heart and lungs, thymus and thyroid showed 
naked-eye changes. Several tape-worm cysts were noted the mesentery. 

Microscopical examination the tissues: The liver shows considerable 
fibrosis. The thickest and best-formed bands fibrous tissue are found 
and immediately under the capsule the organ and tracts connecting the 
portal spaces. Finer tracts fibrous tissue are found radiating from the 
intralobular veins and running between the columns liver-cells. places 
this intralobular connective tissue thick enough observed easily under 
low magnification 60x); generally, however, the strands are fine and 
delicate and are only distinctly visible under objective. The type 
fibrosis may described mixed, fine and coarse. The liver-cells are 
healthy. Here and there the newly-formed connective tissue found sur- 
rounding individual cells groups cells, but there destruction 
the cells. 

The kidney shows lesions the glomeruli; the tubular epithelium 
unaffected. The glomeruli show thickening the capsule, which has, 
few instances, advanced far enough involve the tuft, the whole structure 
being fibrosed. Multiplication the epithelial cells lining the capsule often 
found. The capsular space sometimes contains albumin and blood the tufts 
show increased cellularity. There increase the intertubular con- 
nective tissue, especially the bands fibroblasts are found dipping 
down from the capsule and running the medulla (Fig. 8). Casts tubules 
are fairly common. 

The great enlargement the spleen (Fig. due congestion and 
increase the amount connective tissue. The capsule thickened, the 
fibrous trabecule the organ are very prominent, and there are numerous 
bands young fibroblasts stretching from the capsule trabecule and 
forming network through the organ. 

The heart, lungs, pancteas and thyroid, thymus and adrenals are normal. 

Rabbit animal was small and not active the other two 
the experiment. was killed after weeks daily doses silica 
the total weight silica given was grm. During the first weeks 
the experiment the animal, though not definitely ill, was not active; its 
weight remained stationary, and its appetite was not good. After the eighth 
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week began improve and put weight rapidly. the beginning 
the experiment weighed 1050 grm., when killed weeks later 2700 
grm. Thus compared with rabbit 41/1 the dose silica given was, 
for weeks, weight for weight, roughly double. the rabbit increased 
weight the dosage approximated that the other animals the 
experiment. The urine was examined from time time, and was found 
contain albumin, casts, red blood-cells and epithelium, occasionally bile and 
crystals tyrosin and leucin. 

Post-mortem examination The liver was average size; the surface was 
very rough and granular, and the capsule obviously thickened; was firm and 
cut with great resistance. There were dozen circumscribed white spots 
the surface the substance the organ which were due coccidia. The 
spleen was greatly enlarged and was firm. The kidney, pancreas and other 
organs were not conspicuously altered. 

Microscopical The liver shows multilobular cirrhosis with 
tendency for the fibrous tissue advance between the columns liver-cells. 
The capsule the organ very thick, and immediately under there are 
liver-cells crushed and atrophied bands fibrous tissue which pass from 
the capsule towards portal tracts and unite form dense network. The 
bands fibrous tissue surrounding the liver lobules are places half the 
width single lobule. Thus the fibrous framework the liver enormously 
increased. the edges the fibrous bands the liver-cells become surrounded 
with connective tissue and appear strangled, There multiplication 
bile-ducts the fibrous tissue. These changes are shown Figs. and 
the first which the general appearance the liver ina very thin section 
shown, and the second the proliferation bile-ducts. 

The splenic enlargement due congestion and multiplication 
reticulum cells and general fibrosis. The kidney shows similar changes 
those described animal 41/1. Other organs are not affected. 

Rabbit 41/2 still under experiment. 


Experiments which mgrm. were Injected Daily. 


animals have been employed. these four were killed within 
days—one the tenth, one the twelfth, one the fifteenth, and 
one the sixteenth days. These may taken one group. They were 
killed for the purpose studying the earliest changes which occur—a study 
which not completed. They exhibit increase fibrous tissue either 
the liver kidneys, and this respect may added the list control 
animals. the remaining four rabbits, one was killed weeks after the 
beginning the experiment, two weeks after, and one weeks after. 
These will now taken the order given. 

Rabbit animal remained perfectly well during the weeks. 
received altogether 140 mgrm. Its weight increased from 1550 
1600 grm. 

Post-mortem examination: The surface the liver was granular and rough. 
The organ was firm and more resistant than normal cutting; the cut 
surface was rather paler than The spleen was enlarged. The kidney, 
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THE POISONOUS PROPERTIES COLLOIDAL SILICA. 


pancreas and other organs showed abnormalities. 
worm cysts and coccidiosis. 

The microscopical examination the liver revealed fine fibrosis. Delicate 
strands connective tissues are seen penetrating between the columns 
some places, and especially immediately beneath the capsule, 
individual liver-cells are seen surrounded fibrous strands. The capsule 
thickened, and from rather denser bands fibrous tissue dip into the 
substance the organ. The kidney shows section extensive damage the 
glomeruli. The capillaries the tuft most the glomeruli show dilatation; 
small proportion are necrosed. There serum and often blood the 
capsular space, and blood-casts are common the tubules. There 
increase the interstitial connective tissue. 

The enlargement the spleen due extreme congestion and possibly 
partly multiplication reticulum cells. 

Rabbits 18/1 and 18/2.—These animals, killed after weeks, each 
received 210 mgrm. They increased weight during the experiment, 
one from 1750 1900 grm., and the other from 1500 1700 
mortem neither animal showed either tape-worm cysts coccidiosis. The 
urine taken from the bladder after death contained albumin and blood, 
but numerous crystals tyrosin were present. 

The liver each animal was firm and had finely granular surface. 
The spleens were enlarged, the other organs were normal the naked eye. 

Microscopical examination the tissues shows fine fibrosis the liver, 
rather more advanced than, but similar character to, that found the last 
animal (40/8) described. 

The enlargement the spleen due mostly extreme congestion. The 
kidneys show congestion most glomeruli with serum the capsular space 
and few complete necrosis the tuft. 

The last animal this series, 40/4, was kept under experiment for 
weeks. received altogether grm. silica. During the experiment the 
animal’s weight rose from 1300 3100 grm. The urine was examined from 
time time, and trace albumin was found together with 
corpuscles, epithelial cells and casts. 

Post-mortem examination: The surface the liver was rough the liver 
was firm and resistant when cut. There was coccidiosis. The spleen was 
enlarged the kidneys slightly pitted and rough the surface. There was 
small amount fluid the pleural cavity and relatively larger amount 
the pericardium. The surface the left ventricle was distinctly roughened. 
The lungs, thymus, thyroid, pancreas and adrenals appeared normal. 

Microscopic examination: The capsule the liver greatly thickened 
immediately beneath, thick bands fibrous tissue form network which 
islets liver-cells are caught. The portal spaces are joined together new 
connective tissue which spreads between the columns liver-cells, forming, 
some places, solid tracts, others more delicate cellular strands. The 
extent the fibrosis not, however, extensive rabbit 41/1, 
already described. 

The enlargement the spleen due congestion, multiplication 
spleen cells and fibrosis; the capsule extremely thick. The kidney 


There were tape- 
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relatively more damaged than the liver comparing this rabbit with those 
already described. The capsule thick, and strands fibrous tissue, which 
correspond position with the surface depressions already noted, pass into 
the organ the medulla; the fibrous tissue passes between tubules and 
surrounds the glomeruli encountered its track. There thus pronounced 
increase the interstitial tissue. The capsules almost all the glomeruli 
are thickened fair proportion the process has extended the tufts, the 
whole Malpighian body being sclerosed. The tubular epithelium not 
affected. The pathological picture presented that early interstitial 
nephritis. 

The heart-muscle shows increase fibrous tissue, interstitial 
myocarditis. 
The other organs are not noticeably affected. 


Experiments which mgrm. was Injected Daily. 


Two rabbits were employed one was killed after weeks, the other after 
weeks. The first received doses all, the total weight silica injected 
being mgrm. Its weight remained practically constant (at 2600 grm.) 
during the experiment, the animal being full grown. Post-mortem there were 
signs disease any organ. Microscopical examination the liver 
shows the existence delicate strands young connective tissue stretching 
between portal tracts. The amount connective tissue very small, and 
appears significance only when looked relation the results other 
experiments. The kidney, spleen and other organs are unaffected. 

The second rabbit, treated for weeks, received altogether mgrm. 
silica. During the whole period the experiment the animal remained 
good health its weight increased from 2050 3350 grm. Traces albumin, 
casts and red blood-corpuscles were detected the urine months after 
the commencement the injections, and were observed again three out 
the four times that the urine was tested. 

Post-mortem examination: The liver showed patchy perihepatitis, the 
surface was granular; the organ was firm and creaked when cut. There 
were coccideal lesions. The spleen was enlarged. The thyroids were 
enlarged. The other organs showed definite naked-eye lesions. 

Microscopical examination the liver demonstrated great thickening 
the capsule, and the existence firm, well-formed fibrous bands distributed 
around the lobules and giving section appearance similar that 
pig’s liver (Figs. and There practically tendency for the 
connective tissue pass between the liver-cells towards the intra-lobular 
vein. The liver-cells, judging their appearance, are perfectly healthy. 

The spleen shows increased thickness the capsule, the presence 
abnormally thick fibrous bands running through the organ, and considerable 
congestion. 

The capsule the kidney definitely thickened with well-formed fibrous 
tissue. Some the glomeruli show thickening the there 
increase interstitial tissue. The tubular epithelium not damaged, 
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THE POISONOUS PROPERTIES COLLOIDAL SILICA. 


Experiment which 5-mgrm. Doses were Injected Weekly. 


The rabbit used this experiment had been the laboratory under 
observation from the time was weeks old. When the experiment 
was begun was full grown and weighed 2650 grm.; its weight death 
was 2900 grm. During the whole period the experiment, which lasted 


weeks, the animal was good health. The total weight silica injected 


140 mgrm. The urine was tested from time time, and for the first 
months albumin, blood-cells and granular casts were absent. They began 
appear after the twentieth week, and were afterwards constantly present. 
Thus the urine was examined four times during days, and each occasion 
albumin, occasional red cells and granular casts were present. 


the post-mortem examination the rabbit was found good 


fat and free coccidiosis and tape-worm cysts. The liver had somewhat 
roughened surface, and was firm the touch. The kidneys were normal 
size, but the cut surface was rather granular. Pancreas, spleen, lungs and 
heart, adrenals and thyroid glands were normal. 

microscopical examination was found that the excess fibrous tissue 
the liver was almost confined the capsule. the substance the 
organ there small overgrowth connective tissue between the portal 
spaces, and delicate collagenous fibrils are shown within the lobules, generally 
radiating from the central vein. the whole, however, there negligible 
increase compared with the animals the other experiments. 

The kidneys show thickened capsule, increase interstitial tissue, 
and changes some the glomeruli, thickening capsule and serum the 
capsular space (Fig. 7). 


Experiments which Weekly Doses mgrm. were given. 


the three rabbits submitted experiment one was killed after weeks 
the other two are still under observation. 

Rabbit animal increased weight from 1850 3000 grm. 
during the weeks experiment. 

The urine was not examined. 

Post-mortem examination: The liver was granular the surface and firm 
section. There were several pin-head coccidiosis the 
surface and the substance the organ. The spleen was abnormally short, 
but was greatly increased size. The remaining organs were normal the 
naked eye. 

Microscopical examination: There moderate degree fibrosis the 
liver; the capsule thick, and the portal tracts are connected fibrous 
tissue, which has tendency pass between the liver-cells towards the 
centres the lobules. 

The enlargement the spleen caused congestion and increase 
the fixed cells the organ. 

The kidney shows moderate amount glomerular damage, 
exudation the capsular space and frequently thickening the capsule. 
There are areas which show increase interstitial tissue. Casts are found 
abundantly the tubules, but there degeneration tubular 


94. GYE AND PURDY. 


Note the Pathological Anatomy the Lesions. 


The description the microscopical findings the different animals has 
now been given briefly. For the finer details the reader referred the 
accompanying drawings, which illustrate accurately the distribution the new 
connective tissue, and the same time show the cellular changes which have 
been observed. the key proper understanding the course 
events which ends fibrosis. this figure (and less extent Fig. 
may observed that the endothelial cells lining the liver sinusoides are 
unusually numerous; many are large and vacuolated, and some are completely 
degenerated the new fibrous tissue forms thick wall the capillaries. The 
figure should compared with Fig. Part this series papers, 
which acute and more extensive cellular degeneration exhibited, but 
which shows fibrosis. Fig. this present paper illustrates the slower, 
less violent change, the new connective tissue being formed defensive 
repair process response the endothelial damage. 


SUMMARY. 


The intravenous injection mgrm. more silica sol daily rabbits 
followed fibrosis the liver, enlargement the spleen, and changes 
the kidney resembling interstitial nephritis. 

The experiment which mgrm. was injected daily open the 
criticism that too few rabbits were employed. give the results, therefore, 
without further comment. 

The weekly injection mgrm. silica sol has but little effect the 
liver and kidney, but both organs the changes found, though small, are quite 
definite. One animal only has been used this experiment, and the con- 
clusions drawn are, therefore, provisional. would appear from this single 
result that, order cause abundant formation connective tissue with 
this dose, the injection silica must repeated daily. seven days are 
allowed elapse between the administration the doses, the lesions produced 
each dose heal practically completely before the next dose given. When 
the weekly dose mgrm. very definite fibrosis liver and degeneration 
kidney are produced few months. single result reported this 
paper has been confirmed other experiments, which will published later.) 
From this may concluded that the damage cells caused mgrm. 
too extensive healed completely one week, and that chronic 
pathological condition induced, fibrous tissue being formed the constant 
attempts repair. 


REFERENCES. 


E., anp Purpy, J.—(1922) Poisonous Properties Colloidal Silica,” 
Brit. Exper. Pathol., 75. 

T.—(1913) Production Experimental Nephritis Repeated 
Proteid Exper. Med., 18, 678. 

W.—(1908) Interesting Points regard Experimental Chronic 
Med. Res., 18, 497.—(1910-11) Occurrence Spontaneous 
Lesions Kidneys and Livers Rabbits and Guinea-pigs,” Proc. Soc. 
and Med., 75, 


| 
| 
¥ 


JOURNAL EXPERIMENTAL VOL. III, No. 


Stained tron-hematoxylin and van Gieson. 


Liver of Rabbit 40/3, which received intravenously for 6 weeks daily doses of 5 mgrm. of silica, Notice the 
endothelial cells the dilated sinusoids. They are increased numbers and most, all, this part the section are 
altered and show various degrees of enlargement, vacuolation, and desquamation, Note, too, how the new connective 
tissue forms a thick lining to the sinusoids and tends to spread thence in between the individual cells of the columns. 
Compare with the sinusoid walls Fig. or, preferably, with those Fig. Part which show perceptible 
connective tissue this situation, and which are, this respect, normal, 
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Stained iron-hematoxylin and van Gieson, 


Liver of Rabbit 41/1, which received intravenously for 16 weeks daily doses of 10 mgrm. of silica. _New-formed 
fibrous tissue is seen around a central vein and stretching between the columns, and even between the individual cells. 
Where the relationship vessels can still made out, will seen that this new connective tissue appears the 
sinusoid walls, though the process not regular that found Fig. the thickening being often confined one 
part only wall, 


Gye and Purdy. Colloidal Silica, Part 


10 


‘aq 
| 
a 


All 


BRITISH JOURNAL EXPERIMENTAL PATHOLOGY, VOL. III, No. 


Gye and Purdy. Colloidal Silica, Part II. 


Fic. 3. Scale 24:1. 

Stained iron-hematoxylin and 

van Gieson. 

Liver of Rabbit 41/3, which re- 
ceived intravenously for 4 months 
daily doses of 10 mgrm. of silica. 
This drawing is from a very thin 
section and shows distinct fibrosis, 
mainly interlobular 


Fic. 4. Scale 440: 1. 
Stained ivon-haematoxylin and 
van Gieson, 

formed fibrous tissue in the liver 
of Rabbit 41/3. Numerous new- 
formed bile-ducts are seen. Fixa- 
tion Carnoy’s fluid has caused 
a swelling of the collagenous fibres 
and they are not seen individually. 
Many of the vessels are lymphatics ; 
others contain blood in the original 
section, but for the sake of clarity 
the corpuscles have been omitted 
in the drawing. 
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Gyeand Purdy. Colloidal Silica, Part II. 


Scale 
Stained tron-hematoxylin and 
van Gieson, 

Liver of Rabbit 4/1, which re- 
ceived intravenously for 7 months 
daily doses mgrm. silica. 
There is a definite increase of con- 
nective tissue which appears in 
dense, well-formed bands, connect- 
ing up the portal tracts and sur- 
rounding the central veins. The 
fibrous tissue does not pass be- 
tween the cells and columns of the 
lobules, though in other parts of 
the section there is some tendency 
so. 


Stained iron-hematoxylin and 
van Gieson, 

The section is from the same 
animal as is the preceding figure. 
An interlobular band of connective 
tissue is seen in the liver. This is 
fairly representative the fibrous 
tissue shown on a smaller scale in 
Fig. will noticed how 
little the tendency spread 
between the cells and columns. 
Towards the right is a little inter- 
cellular connective tissue. The 
tissue was fixed in Carnoy’s fluid, 
and so the fibrous tissue does not 

show individual fibres. 
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Fic. 7. Scale 470: 1. 
Stained tron-hematoxylin and 
wan Gieson, 

Kidney Rabbit 3/-, which 
received intravenously for 
months weekly doses of 5 mgrm. 
of silica. The dilated capsular 
space is filled with albuminous 
material. _Bowman’s capsule is 
little thickened. New-formed 
connective tissue present beside 
the glomerulus. One _ tubule 
contains a cast of albuminous 

material, 


Fic. 9. Scale 2:1, 

From the same animal as is 
Fig. 8. A transverse section of 
the spleen represented, and 
the dotted line shows the 
same scale the largest trans- 
verse section from amongst 
consecutive normals. The other 
splenic dimensions showed cor- 
responding enlargement. 


Stained and van Gieson. 
Kidney Rabbit 41/1, which received 
intravenously for 4 months daily doses of 
1o mgrm, of silica. A band of new-formed 
connective tissue is seen coming in from the 
capsule towards, and past, a glomerulus. 
this band are several disappearing tubules, 
some of which contain casts, The dilated 
capsular space contains albuminous material, 
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the virus typhus fever has not yet been definitely cultivated, ene 
obliged make use virus-containing material (e.g. blood and brain) from 
infected animals all experimental investigations this disease. 

This great drawback, much unnecessary protein (tissue cells, etc.) 
added the volume the inoculum. 

The desirability having the virus, especially for immunisation purposes, 
pure and concentrated form possible obvious, and was with 
this object that the following experimental work was carried out. 


ASSOCIATION THE VIRUS WITH THE LEUCOCYTES. 


1912 Charles Nicolle brought forward experimental evidence show 
that the leucocytes form the principal, not the only infective virus-carrying 
portion the blood typhus fever, the virus being apparently contained 
within these cells. 


The observations supporting this assertion were 


severe case typhus fever, blood was taken the seventh day disease and 
distributed sterile centrifuge tubes containing per cent. citrate solution (18 ¢.c. blood 
c.c. citrate solution). Some this blood was centrifugalised during twelve minutes 
(speed not indicated) and the supernatant citrated plasma pipetted off and kept. The 
leucocytic layer the deposit was then carefully removed and emulsified saline. Similarly 
few red cells were collected from the deepest layer the deposit and suspended 
saline. These suspensions were again centrifugalised during ten minutes and the supernatant 
fluid removed. Monkeys (M. were then inoculated with— 

(1) c.c. the citrated plasma. 
(2) About c.mm. the leucocyte layer. 

This material microscopical examination was found contain more red cells than 
leucocytes, the latter amounting most one-fourth one-fifth the total number 


cells. 
(3) washed red cells. 
(4) whole citrated blood. 
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The result this experiment was follows 

The monkey inoculated with whole citrated blood developed typhus infection medium 
severity after incubation period twelve days, whilst the animal which received the 
washed red cells had abortive attack five days’ duration. the other hand the 
inoculation the cells from the leucocyte layer gave rise severe infection after short 
incubation period six days. 

second experiment was performed precisely similar manner with the blood taken 
the day severe case typhus fever. 

this occasion the separation the leucocytes from the other blood cells had been more 
successful, only small proportion red cells being present. 

The results obtained were very similar those the first experiment. The inoculation 
c.c. citrated plasma produced mild infection lasting seven days, and reaction all 
occurred the monkey receiving the washed erythrocytes. The animal inoculated, 
however, with the c.mm. leucocytes developed after seven days’ incubation very 
severe infection. 


From these experiments Nicolle has concluded that the virus typhus 
fever present the circulation contained within the leucocytes, the virulence 
the plasma being due the débris leucocytes that might contain. 

This assertion has met with almost general acceptance, and quoted many 
text-books established fact (Dopter and Sacquépeé, Kolle and Hetsch, 
etc.). The literature, however, contains certain criticisms Nicolle’s work. 
Kusama (1920), who also quotes Miyajima, contends, and not without reason, 
that the leucocyte material these experiments would contain blood-platelets 
well leucocytes. They also point out that the possibility the virus 
being free the blood and being brought down with the leucocytes and 
platelets virtue similar specific gravity has not been disposed of. 
Rocha-Lima (1919) does not admit the validity this latter objection, for, 
his opinion, centrifugalisation during twelve minutes would not sufficient 
throw down invisible virus. argues, however, that c.c. red cells 
should certainly contain many leucocytes would present the c.mm. 
white cells Nicolle’s experiments, and should therefore have produced in- 
fection. quite obvious that only the complete separation the leucocytes 
from the other blood-elements will able answer this question definitely. 


ATTEMPTS CONFIRM NICOLLE’S ASSERTION THE PRODUCTION 
CONSIDERABLE EXTRAVASATION LEUCOCY'TES. 


the separation the leucocytes from the other blood elements con- 
centration the virus should readily realised, but impossible obtain 
leucocytes from the blood any quantity, and exceedingly difficult 
separate them the other blood-cells. This difficulty was overcome 
making use the white cells which appear the peritoneal exudate after 
injection sterile broth. 

Typhus-infected guinea-pigs different periods after infection received 
c.c. sterile broth intraperitoneally. This injection was practised slowly 
order avoid traumatism the capillaries and extravasation blood. These 
animals were killed after intervals from two five hours. The abdominal 
wall was carefully dissected out and the exudate sucked means 
Pasteur pipette through small opening made the peritoneum. most 
cases was found that the cells present the exudate consisted entirely 
leucocytes (principally polymorphonuclears). certain instances, however, 
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the fluid had uniform rose tint, which was shown microscopical examina- 
tion due the presence numerous red cells. 
might possibly argued objection this method that the 
leucocytes contained the peritoneal exudate will not necessarily carry the 
virus. This objection perfectly valid one, but have, course, con- 
sider the time which has elapsed between the injection the broth and the 
withdrawal the exudate. These leucocytes come from the blood, passing 
out the local capillaries response the presence the broth the 
peritoneal cavity. The first these cells appear the exudate will there- 
fore those present the blood-stream the moment the inoculation. 
These leucocytes should virus-carrying ones. Later, result the 
drain the leucocytes the circulating blood, those the bone-marrow 
may mobilised make good the deficiency. Some these all possi- 
bility would appear the exudate after very short stay the circulation 
and might not carry with them the typhus virus. 
The proportion these non-infective leucocytes the peritoneal exudate 
would increase with the time that had been allowed lapse between the 
inoculation the broth and the withdrawal the contents the peritoneal 


cavity. However, seems fairly safe presume that the fluid withdrawn from 
the peritoneal cavity the early stages the formation the exudate, two 
five hours after the inoculation, would composed, any rate greater 
part, leucocytes present the circulation the moment its inception. 
should therefore contain large proportion virus-carrying 

Guinea-pigs were inoculated intraperitoneally with c.c. this 
exudate (containing certain experiments over 58,000 leucocytes per c.mm.) 
with the leucocytes obtained centrifugalisation similar volume 
fluid and emulsified saline. one experiment the leucocytes were extracted 
with distilled water. 


obtained produce infection. 


j 
j 
Similar negative results were obtained with the whole exudate when 
contained leucocytes only (three experiments), whereas infection ensued the 


animals inoculated with blood-containing exudate (two experiments). 

These experiments were controlled the simultaneous inoculation the 
blood brain the experimental animals, showing them infective 
every case. 

The guinea-pigs that did not react the leucocytes whole exudate 
inoculation were later tested for immunity. 

The following temperature charts are typical the results obtained the 


case (four experiments) did the inoculation leucocytes 
above experiments. 


1.—Guinea-pig inoculated with leucocytes obtained 1a.—Guinea-pig 
from exudate and emulsified saline. tested for immunity. 
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Cuart 2.—Guinea-pig inoculated with leucocytes 2a.—Guinea-pig 
exudate extracted with distilled water. tested for immunity. 


Cuart 3.—Guinea-pig inoculated with whole exudate. 4.—Guinea-pig in- 
oculated with c.c. 
inkish exudate (contain- 
ing about per cent. 
cells). 


ASSOCIATION THE VIRUS WITH THE PLATELETS. 


this juncture attention was drawn the work Kusama (1920), 
who claims that there intimate connection between the virus typhus 
and the blood plates. 

This statement based upon thiee experiments Japanese monkeys. 
The inoculation quantity platelets (free from leucocytes) obtained from 
2°5 c.c. blood produced infection the three cases, whereas the injection 
the plasma obtained from similar volume blood and entirely freed from 
cells invariably gave negative results. 

Experiments guinea-pigs carried out similar lines have given 
complete confirmation the findings this investigator. 

The blood was received into equal volume per cent. citrate 
solution saline containing per cent. glucose (about c.c. solution for each 
guinea-pig), centrifugalised minutes about 3000 revolutions per 
minute and then allowed stand overnight the cold room. The super- 
natant plasma, having milky appearance, was then carefully removed and 
centrifugalised for forty-five minutes about 6000 revolutions per minute. 
then found microscopical examination that the yellowish supernatant 
fluid cell free and the white sediment consists entirely blood-plates. 

carefully freed from cells prolonged centrifugalisation 
(four experiments) proved non-infective even large doses c.c.), whereas 
the inoculation platelets (six experiments) invariably produced infection 
even with small quantity that obtained from c.c. blood. 


ASSOCIATION THE VIRUS TYPHUS WITH BLOOD ELEMENTS. 


5.—Guinea-pig inoculated with platelets 
from blood. The cultures the blood and 
brain this animal were found sterile. 
Guinea-pigs 81, and with positive 
results. 


with brain Guinea-pig 62. 


tested for immunity. 


platelets from blood. 
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The leucocyte layer centrifugalised citrated blood can shown 
contain abundance platelets even when the blood has only been 
centrifugalised during five minutes moderate speed. This fact may 
explain the findings Nicolle, who, will remembered, worked with the 
leucocytic layer blood which had been centrifugalised much longer time 
and must therefore have contained platelets still greater quantity. 

high degree concentration the virus can thus realised the 
separation the platelets fractional centrifugalisation from large quantities 
blood. With such concentrated virus has been found possible infect 
guinea-pigs the inoculation small volume the anterior chamber 
the eye and intratesticular inoculation. this latter case marked 
atrophy this organ has followed, which did not occur the control animals 
inoculated with the same volume platelets obtained from normal blood. 
has also facilitated the experimental infection lice joint work with 
Bacot (Bacot and Ségal, 1922). 

field experimental vaccination also opened and work along these 
lines has already commenced. Although too early draw any conclusions, 
the result the first experiment guinea-pigs encouraging. 


CONCLUSIONS. 


(1) Leucocytes obtained from peritoneal exudates typhus-infected 
guinea-pigs not carry the virus. 

(2) The virus seems intimately connected with the platelets. 

(3) the separation these elements from large quantity blood 
high concentration virus can realised for experimental purposes. 


many members the staff this Institute indebted for 
valuable help and advice, and especially grateful Dr. Bedson for 
assistance the preparation this paper. 
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THE aim the present work has been determine the cause the 
increased electrical excitability often manifested the neuro-myone, the 
peripheral neuro-muscular mechanism. increase has long been known 
occur idiopathic tetany and tetania parathyreopriva its cause these 
conditions disputed. That due action upon some peripheral part 
the neuro-muscular system shown the cross-circulation experiments 


MacCallum (1913) and his colleagues and the work Paton, Findlay 
and Watson (1917). 


METHODS. 


will facilitate the consideration the various theories brief descrip- 
tion first given the methods adopted this research. 


The method used for measuring the strength current causing contraction was that 
employed Noél Paton, Findlay and Watson (1917), who give criticism its limits 
accuracy. Figures for the anodal contractions are omitted because the records von 
(1888) and Paton, Findlay and Watson all show that these reactions are not 
constant. 

dogs were used all the experiments was induced chloroform 
and maintained ether. venous cannula was inserted the left external jugular vein 
and was connected burette containing the fluid injected. 

The electrical reactions were taken several times before the injection was commenced, and 
the majority cases varied little, all. Neither the nor the operation had 
any effect the electrical reactions. 

Arterial blood for examination was withdrawn from the right carotid artery into c.c. 
all-glass syringe rendered air-tight thin film oil. When oxygen determinations were 
being made, blood was also taken from the right external jugular vein. The loss 
blood thus caused was never found any alteration the electrical reactions. 

alkaline reserve was determined the Van Slyke (1917) 
method. 
concentration.—This was estimated the method described Bayliss 
Oxygen-content the oxygen content arterial and venous bloods was 


determined Barcroft’s differential method (1914). Results are given percentage 
saturation. 


PREVIOUS VIEWS. 


the numerous theories put forward explain increased electrical 
excitability (E.E.) the neuro-myone, the principal are thle following 
The presence the blood excess sodium. 

Decrease the calcium content the organism. 
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the toxic substances suggested, ammonia, histamine, guanidin and 
xanthin may mentioned. Berkeley and Beebe (1909) suggested xanthin 
possible cause, but MacCallum and Voegtlin (1909) failed confirm their 
hypothesis. 


Miinzer (1893) stated that could produce tetany injection various sodium salts. 
Rosenstern (1910) maintained that administration common salt children 
caused recurrence tetany, and Nothmann’s work (1910) gave the same results. Parhon 
and Ureche (1907) had previously shown that injection per cent. sodium chloride into 
thyreo-parathyreoidectomised animals caused marked increase symptoms. all these 
cases where administration sodium merely precipitated attack organism with 
spasmophilic diathesis, possible that this may have been due disturbance the sodium- 
calcium ratio which the irritability tissue some extent depends (Loeb, 1900). 


order test this possibility the following experiments were performed 


TaBLE per cent. NaCl was Injected. 


Amount Electrical reactions. CO, capacity Temperature 
Cat. tion in- Before. After. per 100 c.c. Fahr. 


KCC. KOC. KCC. Before. After. Before. After. 
3,female. 250 90.06. 90. 99°0 103°0 


The only change noted was rise temperature during administra- 
tion the sodium solution. The alkaline reserve and electrical reactions 
were unchanged. 

Further, Hastings, Murray and Murray (1921) found that dogs with 
experimental pyloric obstruction there were signs nervous hyper-irritability, 
but decrease the concentration sodium two out three cases. 

must therefore concluded that excess sodium can nothing more 
than predisposing factor the production increase the E.E. 


The Effect Diminution Calcium. 


Much the evidence bearing the influence calcium neuromyal 
excitability contradictory, and, Noél Paton, Findlay and Watson (1917) 
remark, conclusive evidence regards the relationship 
calcium the condition tetany.” Some recent investigations merit 
attention. 


MacCallum, Lintz, Vermilye, Leggett and Boas (1920) describe case pyloric obstruc- 
tion accompanied tetany which there was decrease the calcium content the 
serum. Hastings, Murray and Murray (1921) produced obstruction dogs, and 
using better methods analysis than MacCallum and his colleagues, found slight increase 
the serum calcium. Harrop (1919) describes case adult tetany caused injection 
sodium bicarbonate but with decrease the calcium content the blood. Grant and 
Goldman (1920-21) produced attacks tetany but found that the calcium con- 
tent increased from 12°84 mg. mg. per 100 suggest that the condition the 
blood colloids was such that the calcium was saturated solution, and that any 
additional calcium was immediately precipitated claimed the lime-starved cells. They 
support this view showing that the calcium content rose after injection normal blood. 
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Howland and Marriott (1918) made analyses the blood cases idiopathic tetany 
children, found distinct diminution the calcium content, and obtained benefit calcium 
therapy. Barach and Murray (1920), however, report case sprue complicated tetany 
which relief was obtained injection calcium lactate. 

The following experiments were done throw some light the influence 
calcium the E.E. They are divided into two groups: 

(1) show the effect calcium administration. 

(2) determine there were any changes the calcium content 
the serum when the E.E. had been altered some other 
method. 

(1) Effect per cent. calcium chloride was 
injected into the jugular vein with the following results 


Electrical reactions. 


KCC. KOC. KCC. KOC. 


The results indicate quite clearly that calcium chloride injection has 
sedative effect the This may explain one the beneficial effects 
the therapeutic administration calcium salts cases tetany being due 
its action.on the central nervous system. But evidence has yet been 
adduced that calcium has any real curative effect idiopathic tetany tetania 
parathyreopriva. 

(2) Changes the content the serum after increase 
blood were withdrawn from the carotid artery before and after the 
increase excitability. The calcium was estimated method used 
Noél Paton, Findlay and Sharpe (1921), and indebted Mr. Sharpe 
for the analyses. 


III.—Showing Effect Increased E.E. Ca-content serum. 


Electrical reactions. Calcium oxide. 
No. animal. Solution used Before. After. 


KOC. KCC. Before. After. 


will seen that the calcium content remains practically unchanged 
both when the E.E. raised and when lowered. can therefore con- 
clude that calcium deficiency not the general causal factor the change 
observed under many different conditions. 


= 
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Effect Acidosis. 
Several workers have put forward the view that acidosis the ultimate 
cause increased nervous excitability. 


Mathison (1910) found that the excitability the skeletal-muscle nerve-centres the 
animal was increased injection acids. Later, Elias (1918), working the effect 
acids the nervous system, stated that injection relatively small quantities acids 
produced general hyperirritability the peripheral nervous system. concluded that 
experimental acidosis the symptoms referable the central nervous system are almost 
identical with the picture tetany. Wilson, Stearns and Janney (1915) have shown that 
the symptoms tetany can relieved acid injection. parathyreoidectomised dogs 
Togawa (1919-20) found condition acidosis, while McCann (1918) observed marked 
increase the alkaline reserve such animals. Hastings and Murray (1921) found the CO,- 
combining capacity the plasma unchanged. 


Experiments were carried out determine the effect acid the E.E. 
the neuro-myone; HCl (M/7), lactic acid (N/100) and phosphoric acid 
(N/10) were used. 


TABLE IV.—Showing Effect Injection Acids. 


Electrical reactions. 
No. Weight Amount Before. After. 
Before. 


V.—Showing Effect HCl pH. 


Value for pH. 

No. Weight Previous After c.c. After 100 After 150 c.c. 
cat. kg. any injection. injection. injection. injection. 


indicates value slightly above figure indicated. 
indicates value slightly below figure indicated. 

Thus the E.E. always lowered the addition acid unless the excita- 
bility previously low Cat 33. that has been raised 
administration alkali also quickly lowered injection acid. Usually 
there change the values for the electrical reactions after c.c. acid 
(M/7 HCl) have been administered, but the extent the change varies 
individual cases. Inno case was there any suggestion tremors convulsive 
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movements, are commonly seen parathyreoidectomised animals 
idiopathic tetany. Even the administration phosphoric acid, which, accord- 
ing Elias, specially potent producing hyperirritability, did not lead 
any increase excitability. There rapid decrease the alkaline reserve 
immediately following the injection acid, but there clear ratio between 
the change the power the plasma and the amount acid 
injected. 

Barcroft (1914) has shown that blood becomes presence 
acid. more dissociated, that the head oxygen (i. 
the difference between the oxygen-saturations arterial and venous bloods) 
becomes greater and the tissues receive greater supply oxygen. 

study the results injection acids does not support the view that 
acid cause hyperirritability the neuro-muscular system. Far from 
causing increased excitability leads marked diminution. This 
probably explains the beneficial results obtained cases tetany treated 
administration acid. 


The Effect Alkalosis. 


The effect alkalis raising the excitability the neuro-myone has been 
noted for long time. 


Blum (1913) reported, patient suffering with diabetic coma, the occurrence con- 
vulsions following the administration sodium bicarbonate, and ceasing when the bicar- 
bonate was stopped. Palmer and Van Slyke (1917) quote communication Tileston 
the occurrence severe convulsions case Weil’s disease following the intravenous 
injection bicarbonate solution which produced plasma CO,-combining capacity eighty 
volumes per cent. Harrop (1919) reports case tetany following the intravenous injection 
bicarbonate without any diminution the calcium concentration the serum. Howland 
and Marriott (1918), although they support the calcium deficiency hypothesis the cause 
tetany, state that not unusual see symptoms tetany develop cases acidosis 
treated with sodium bicarbonate. Henderson (1920), however, who investigated the 
effect sodium bicarbonate children, could not confirm their results, finding that doses 
high 0°92 grm. per kilo body-weight per day had influence the E.E. even after 
twenty-three days, nor were any tetany symptoms produced. the experimental side, 
Collip and Backus (1920-21) injected large doses per cent. sodium carbonate distilled 
water intravenously into dogs, but two cases only found the least sign tetany. They did 
not, however, test the 

tetania parathyreopriva, the work Wilson, Stearns and Janney (1915) pointed the 
presence early alkalosis, demonstrated the sudden diminution the urinary 
excretion acids and the decrease the hydrogen-ion concentration the urine. Wilson, 
Stearns and Thurlow (1916) followed this work showing, from study the dissocia- 
tion constant oxyhemoglobin and the alveolar CO, pressure, that there was increase 
the alkalinity the blood. They found that this alkalosis may neutralised during tetany 
periods probably the production lactic acid the muscles. Increase the alkaline 
reserve the blood-plasma was soon afterwards described McCann (1918). Later experi- 
ments Hastings and Murray (1921), who worked dogs, failed confirm these results. 
has noted, however, that often very difficult take the blood for examination 
during the period alkalosis, which sometimes lasts for very short time. 

McCallum and Voegtlin (1909) have shown that when the pylorus obstructed and the 
gastric juice with its hydrochloric acid constantly removed, there produced increase 
the E.E. nerves with spontaneous twitchings, ending most cases violent convulsions. 
Hastings, Murray and Murray (1921), dogs with pyloric obstruction, found nervous hyper- 
increased power the plasma, and insignificant rise 
the pH. 


Experiments were performed determine the effect alkalis the 
E.E. the neuro-myone. 
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(1) Effect sodiwm carbonate. 


Electrical reactions. 


No. Weight Amount 
kg. Before injection. After After 100 After 150 


indicates value slightly below figure indicated. 
indicates value slightly above figure indicated. 


After sodium carbonate injections there was therefore increase the 
unless the excitability was previously high, when there was change. 
There apparent relationship between the amount alkali injected and 
the increase excitability. Occasionally there were twitchings resembling 
those parathyreoidectomised animals. 

The alkaline reserve the plasma increased the injection sodium 
carbonate, though there clear relationship between the change the 
combining power the plasma and the amount alkali injected. 

The value the often very much raised, the increase depending 
the amount carbonate injected (Table 

The following Table, gives the figures relating the head oxygen 
obtained from the oxygen-analysis the blood. 


Saturation oxygen. 
A 


Art. Ven. Diff. Art. Ven. Diff. 
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will seen that there always reduction the head oxygen after 
injection alkali, thus indicating diminished supply oxygen the tissues. 

(2) Effect sodium order eliminate any effect the 
carbon dioxide per cent. sodium hydrate was injected, with the results 
detailed Table IX. 


TABLE IX.—Showing Effect NaOH per cent. 


CO, comb. 
solution Before. After. per 100 c.c. 


KCC. KOC. KOC. 


Sodium hydrate has thus action similar the both the 
and the alkaline reserve. 

(3) Effect ammonia.—Berkeley and Beebe (1909) found that muscular 
twitchings were produced intravenous administration ammonia. 
Cathcart (1916) also found tremors and convulsions following intravenous 
injections ammonium carbonate, persisting even when the animal was 
under full 

The following experiments were done determine whether injections 
ammonia had any effect the E.E. the neuro-myone. 


TABLE X.—Showing Effects NH,OH. 


Electrical reactions. 


Amount CO, capacity plasma 


These results indicate that ammonia causes increase the excitability 
anticipated from the findings Cathcart (1916). 

have seen that alkalis produce increase the the neuro- 
myone unless that excitability previously high, that the alkaline-reserve 
the blood increased while its hydrogen-ion concentration diminished 
further, the head the tissues decreased. 

Grant working the isolated nerve muscle preparation 
showed that the only capable inducing increased excitability 
and, this excess what found the mammalian organism 
suffering with tetany, concluded that the H-ion concentration not the chief 
factor the production increased The results other experiments 
the neuro-myone tend support this view. will shown later 
that alcohol, potassium cyanide and other substances distinct action 
increasing without any action the the blood. 

The following experiments further show that there may increase 
the despite fall the alkaline-reserve. 
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TABLE XI.—Showing Changes the Alkaline Reserve accompanying Increase 


Electrical 


cat. kg. injected. plasma. 


KCC. KOC. KOC. 


Collip and Backus (1920-21) showed that one the effects hyperpnoea was 
cramp-like contraction the muscles, and that this was accompanied 
fall the CO,-combining power the plasma, decreased acidity the 
urine and diuresis. They suggested that the muscle contraction was due 
the alkalosis produced the hyperpnea. Grant and Goldman 
produced some symptoms tetany, including increased 
the neuro-myone. The both the blood and urine during the 
indicated blood-alkalosis, while the plasma CO, fell from average figure 
59°5 vols. per cent. one per cent. control experiment where 
washing out CO, was alkalosis nor any symptoms tetany 
resulted. They suggest that alkalosis the condition the root all the 
various forms tetany. and Flack (1910) also observed the spastic 
conditions the muscles; one case twitchings the facial muscles 
occurred during When forcible breathing oxygen was tried 
none the twitchings other uncomfortable signs were 
manifest. 

EFFECT 


The effects acids and alkalis the and the supply oxygen 
the tissues suggest that may the causal factor the production 
increase the the neuro-myone. has long been known that 
asphyxia raises the excitability the central nervous system, and seemed 
probable that lack oxygen might produce similar result the peripheral 
parts the neuro-muscular mechanism. (1919) has divided the 
causes into— 

(1) Defective oxygen saturation arterial blood. 

(2) Slowing the circulation that excessive proportion the oxygen 
used the systemic capillaries. 

(3) Defective content. 

(4) Alteration the dissociation-curve oxyhemoglobin. 

Experiments will now detailed show the effect the the 
neuro-myone each the above causes anoxemia. 

Defective saturation the arterial blood with oxygen was produced the 
induction asphyxia, slowing the circulation diminution the tempera- 
ture, defective proportion available hemoglobin the production 
and alteration the desaturation oxyhemoglobin administra- 
tion potassium cyanide. 


| 
| J 


109 


The effects asphyxia raising the excitability the central nervous system have long 
been known. Kaya and Starling (1909-10) found that asphyxiation the spinal dog led 
spasm the whole body, and Mathison (1910) showed that this stimulation was due 
lack oxygen and not the increase carbon dioxide. Hooker, Wilson and Connett 
(1917) demonstrated the influence anoxemia exciting nerve-centres. 

Noél Paton, Findlay and Watson (1917) investigated the effects asphyxia the E.E. 
the neuro-myone, and found that during brief periods asphyxia there was little change. 
Adams and Morris (1920-21) have shown that there practically decrease the head 
oxygen until there marked degree asphyxia. This might explain the absence any 
change the the asphyxia experiments mentioned, for, Haldane and Priestley 
(1905) have pointed out, there considerable margin regards oxygen-supply. 


The following experiments were undertaken demonstrate the effect 
deep asphyxia the E.E. and determine the concurrent changes the 
oxygen-content arterial and venous bloods. 

Methods.—Asphyxia was induced making the animal breathe closed 
circuit which there was placed jar soda-lime through which the air 
inspired had pass. this way the available oxygen was slowly used 
and there was gradual onset anoxemia without any accumulation 
carbon dioxide. 


TABLE XII.—Showing Effects 
Electrical reactions. Percentage oxygen content. 
Weight 
Before After Before. After. 
asphyxia, 
KCC. KOC. KCC. KOC. Art. Ven. Diff. Art. Ven. Diff. 
the most marked stages asphyxia there distinct increase the 
the neuro-myone associated with equally marked diminution the 
head oxygen. When the asphyxia not complete the head oxygen 
still practically great normal and the E.E. remains unchanged. 


No. 


Noél Paton, Findlay and Watson (1917), investigating the effect 
variations temperature E.E., came the conclusion that the E.E. the 
nerve varies inversely with the temperature. These experiments were 
repeated with the results given below: 

Methods.—The electrical reactions both hind legs were taken. One 
leg was then wrapped round with cloths soaked hot water while the 
other was covered with small pieces ice. After ten minutes the electrical 
reactions were again taken. The temperature the legs was then brought 
back normal and the femoral veins exposed, and blood taken from each. The 
warm and cold applications were again replaced, and after ten minutes blood 
was again withdrawn from each vein. The arterial oxygen content was esti- 
mated from blood drawn from the carotid artery. 
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TaBLE XIII.—Showing the Effect Heat and Cold. 


Electrical reactions. 
Percent. oxygen content. 


Normal. Hot. Cold. 
No. cat. Art. Ven. 


Norm. Hot. Cold. 
KCC. KOC. KCC. KOC. KCC. KOC. KCC. KOC. 
The E.E. increased decrease temperature, but the head 
oxygen apparently increased, blood from the vein the cold side being 
more unsaturated than that from the hot side. Krogh (1918-19) has shown 
that the diffusion constant oxygen through animal tissues increases with 
increasing temperature. This would explain the rise the head oxygen. 
this connection there interesting observation Lovatt Evans (1917) 
the reduced sensitivity the heart adrenalin when the temperature 
reduced. This phenomenon bears strong resemblance that found under 
the influence oxygen-lack and seems hint the possibility the same 
underlying cause. 
Decrease temperature, therefore, produces increase the 
the neuro-myone. This can probably explained the diminished supply 
oxygen the tissues. 


MacCallum (1913) showed that ligature artery bringing about com- 
plete the part induces for time marked increase the 
the neuro-myone, but that later the suddenly disappears result, 
probably, death the tissues. Noél Paton, Findlay and Watson (1917) 
repeated and confirmed these results. 

The following experiments were performed order show the effect 
the E.E. The animal was bled from the carotid artery, and the 
electrical reactions taken and the oxygen content the blood estimated before 
and half hour after hemorrhage. 


TaBLE XIV.—Showing the Effect Anemia. 


kg. blood. withdrawn. KCC. Koc. KCC. Koc. 

Sat. before. Sat. after. Hemoglobin per cent. 

Ven. Diff. Art. Ven. Diff. Before. After. 


Estimated the assumption that the volume the cat’s blood equivalent per cent. 


the body-weight. 


ij 
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The figures show that the E.E. increased the production 
every case there occurred marked general tremors greater less inten- 
sity. The head oxygen diminished. 


has been demonstrated many that the oxygen consumption tissues 
markedly diminished cyanide administration. Lovatt Evans has 
shown that soaking cyanide has almost the same effect the frog’s 
sartorius keeping atmosphere nitrogen, and concludes that 
cyanides exert their effects entirely reason the oxygen lack they produce 
muscle they not affect the contractile, but process. 

Potassium cyanide made M/100 normal saline was injected intra- 
venously into cats. assume that the blood weighs about per cent. 
the total body-weight, then the administration the above dilution 
per kilo body-weight means concentration the blood 
solution potassium cyanide. The concentrations cyanide used here would 
certainly cause definite though temporary depression the amount tissue 
oxidation. 


TABLE XV.—Showing Effect Cyanide. 


Electrical reactions. 


Comb. per 100 


No. Weight tion injected Before. After. plasma (V. Slyke). 


KCC. Koc. Before. 


These results indicate that the E.E. increased the administration 
cyanide. all three experiments general convulsions central origin were 
produced, and Cat tremors the abdominal muscles were particularly 
noticeable. 

(Evans and others) have suggested, and also probably part result the 
initial increase depth and rate respiration. 

Administration cyanide thus induces increased the neuro- 
myone well other symptoms profound oxygen lack. This lends further 
support the view that the essential factor the 
such increase the E.E. 


THE INFLUENCE ALCOHOL ELECTRICAL EXCITABILITY AND THE 
HEAD OXYGEN 
should find the latter state after administration alcohol, were shown 
that alcohol depresses the oxygen usage the tissues, most narcotics do. 
Ethyl alcohol diluted with nine times its volume per cent. sodium 
chloride solution was injected into the jugular vein. one experiment 
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alcohol gave the same results except that convulsions and very marked 
salivation and sickness was induced. 

Small found one case drunkenness 
man that the blood contained 0°153 per cent. alcohol, and another 
instance, when the intoxication was more pronounced, 0°227 per cent. 
Mellanby (1919) found that dog, when the alcohol the blood reached 
about 354 c.mm. per 100 grm. blood, there appeared signs intoxication, 
and when the concentration reached 468 c.mm. per 100 grm. the dog was 
profoundly intoxicated. the first four experiments amount alcohol 
was injected produce concentration the blood 350 450 c.mm. per 
100 blood, concentration one would expect find case fairly 
marked alcoholic intoxication. 


TaBLE XVI.—Showing the Effect Small Doses Alcohol. 


CO, combining 


Electrical reactions. 
Amount Concentration 


10% blood. KCC. KOC. KOC. Before. After. 


The figures this column were estimated the assumption that the blood was per cent. 
the total body-weight. 


With such doses there not produced any marked change E.E. 

Large larger doses alcohol are injected that the 
concentration the blood exceeds per cent. there produced marked 
increase will seen from the accompanying table 


TABLE XVII.—Showing Effect Large Doses Alcohol. 


Electrical reactions. CO, combining capa- 


Concentration 


The figures this column were estimated the assumption that the blood was per cent. 
the total body-weight. 
alcohol was injected this case. 


The alkaline reserve rather lower than with the smaller doses. The 
increase now longer able neutralise the reduced action the 
blood catalase can seen from study the following table 


the Fall the Head Oxygen after Large Doses 
Alcohol. 


No. alcohol solution hol cm. per Before. After. 


Art. Ven. Diff. Art. 


Saturation oxygen. 


This fall the head oxygen probably great part due the marked 
slowing and times inhibition respiration. This phenomenon was 
observed Hooker (1917). 

probable that alcohol such excessive doses acts protoplasmic 
poison, lowering the sensitivity the respiratory centre especially, and this 
means well its action the tissue catalase preventing the utilisation 
oxygen the tissues. This lends support the view previously put 
forward that increased dependent deficient supply oxygen. 


THE INFLUENCE HISTAMINE ELECTRICAL EXCITABILITY AND THE 
HEAD OXYGEN. 

Dixon (1909-10), exhaustive study the pharmacology histamine, showed 
that acted the bronchial musculature and pulmonary arteries. Its action when applied 
directly striped muscle was practically nil. (1916) suggested that tetany might 
due the presence this substance the blood. Noél Paton, Findlay and Watson (1917) 
administered histamine few animals but observed none the symptoms tetany. 
They did not test the E.E. the neuro-myone. 

nderes and Cloetta (1916), study the effect histamine cats, state that 
produced rapid decrease oxygen-absorption. 


The following experiments were done determine (1) whether adminis- 
tration histamine caused decrease the head oxygen, and (2) this 
was the case, whether the the neuro-myone was affected. 0°5 mg. 
dissolved saline was injected into the jugular vein. 

cat the first dose produced but little effect another 0°5 mg. was 
given twenty minutes later. 


TABLE XIX.—Showing Effects Histamine. 


Electrical reactions. content content 
Before. After. Before. After. 

KOC. KCC. KOC. Art. Ven. 


2nd dose 


Histamine produces increased the neuro-myone well 
diminution the head oxygen. Tremors were not seen any the 
three experiments performed, thus confirming the observations Noél Paton, 
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Findlay and Watson mentioned above. The result obtained with Cat bears 
out the statement Dale and Dixon that the action histamine the 
respiratory system cats variable. 

The action histamine the E.E. the neuro-myone and the head 
oxygen lends support the view that the excitability dependent the 
oxygen supply. 

THE INFLUENCE GUANIDIN. 


Paton, Findlay and Watson put forward the suggestion that guanidin was the essential 
cause the symptoms tetania parathyreopriva. They point out, however, that the 
administration guanidin the E.E. often not once altered, and suggest that there 
“an optimum concentration for causing increase the reaction the peripheral 
mechanism,” and that greater concentrations curare action manifests itself. This 
conclusion supported the work Meighan (1917). 

The following experiments (Table XX) were done determine whether 
the administration guanidin had any effect the oxygen supply the 
tissues. Guanidin-hydrochloride was the salt used, dissolved c.c. saline 
and injected into the jugular vein. 


TABLE XX.—Showing Effect Guanidin. 


Electrical reactions. Saturation oxygen. 
No. Weight per Before. After. Before. After. 


cat. inkg. gm. 


KCC. KOC. KCC. KOC. Art. Ven. Diff. Art. Ven. Diff. 


will seen from the above table, guanidin seems have had very little 
effect the But none the four experiments was 
there any marked increase nor were any tremors observed. Accord- 
ingly one cannot come any conclusions whether the action guanidin 
producing increased E.E. due diminished supply oxygen the 
tissues some specific action its own. 

cases parathyreoidectomy, has been noted Wilson, Stearns and 
Janney (1915) that the blood became pleonectic. This would suggest that, 
when guanidin does cause symptoms similar those parathyreoidectomy, 
including almost identical disturbances metabolism, might also render the 
blood pleonectic. 


SUMMARY AND CONCLUSIONS. 


(1) Excess sodium does not itself produce increase the 
the neuro-myone. 

(2) Whilst injection calcium salts has sedative effect the neuromyal 
excitability, the present work lends support the view that diminution 
calcium the underlying cause increased The amount 
calcium the blood shows change when the excitability increased 
certain methods. 
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(3) The administration acids lowers the and renders the blood 
mesonectic. 

(4) The administration alkalis increases the produces alkalosis, 
and lowers the oxygen-supply the tissues. 

(5) Asphyxia, lowering the temperature and anemia each causes 
increase excitability and diminished supply oxygen the tissues. 

(6) Cyanides raise the and lower the oxygen-supply. 

(7) Small doses alcohol have practically effect either the 
the oxygen supply, whilst large doses cause rise the former and fall 
the latter. The alkaline reserve diminished. 

(8) Histamine produces rise the well condition. 

(9) further light has been thrown the action guanidin, but there 
reason believe that also may act through diminished oxygen-supply 
the tissues. 

general survey these results justifies the following conclusions. 

(1) increase the occurs independently change the alkaline 
reserve. 

(2) Any experimental method whereby produced diminu- 
tion alkalis, cyanides, histamine asphyxia) causes increase the 
Acids lower the E.E. 

(3) Any increase the E.E. accompanied diminished supply 
oxygen the tissues. 

(4) One must therefore conclude that the essential condition 
underlying increased the neuro-myone. 

must express deepest thanks Prof. Noél Paton for his very helpful 
criticism throughout the course the work. indebted Mr. Graham, 
Senior Laboratory Attendant the Institute Physiology, for assistance 
the experimental work. 

The expenses the research were defrayed grant from the 
Research Council, whom express thanks. 
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